Memory and executive functioning in Arabic literacy skills by Almenaye, Nasser
Memory and Executive Functioning in Arabic Literacy Skills 
Nasser ALmenaye 
-
Thesis submitted for the degree of Doctor of Philosophy 
Department of Psychology 
School of Arts & Human Sciences 
University of Surrey 
2009 
1 
Summary 
The work reported in this thesis aimed to assess the role of executive processes in 
Arabic literacy and the ability of measures of executive functioning to support the 
identification of those with literacy weaknesses in Arabic. Children in mainstream 
schools who had Arabic as their first language and presented no evidence of learning 
difficulties comprised the participants in all Studies with the exception of the final 
Study in which a group of children with learning disabilities (LD) was included. 
Grades 2 to 9 were tested across the Studies, with a focus on grades 3 to 6. 
Study 1 assessed the relationship between literacy and tasks assessing different 
aspects of working memory, in contrast to measures that focused on phonological 
processing. Overall, the data indicated that central executive measures predicted 
variance in reading comprehension levels over-and-above the phonological measures, 
especially in older readers. 
Study 2 contrasted the retention-during-processing working memory measure of 
Study 1 with selective (attentional) processing measures with the aim to assess the 
different functions of the central executive. The results again argued for an influence 
of retention-during-processing on reading comprehension that increases with 
grade/literacy experience. 
This experience effect was the focus of Study 3, which compared vowelized versus 
non-vowelized text. Findings indicated a relationship between reading 
comprehension levels and executive processes when non-vowelized text was read by 
the older/more experienced readers. 
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Study 4 found that children with LD perfonned less well than mainstream peers on 
several working memory measures. These data were consistent with the potential 
usefulness of these tasks in the identification of LD amongst Arabic children. 
Overall, the thesis findings argue for a role of working memory in Arabic reading 
comprehension, similar to that found with English cohorts, and for the development of 
working memory measures as part of Arabic educational assessment tools. 
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Chapter 1 
Overview 
Four Studies are described in this thesis which focus upon (i) the association between 
literacy and working memory processes; (ii) the relationship between 
executive/attentional processes and literacy levels; (iii) the effects of variations in 
Arabic orthography on the measurement and prediction of literacy levels and (iv) the 
differences between children with and without learning disabilities (LD). 
All children tested were first language Arabic speakers living in Kuwait. The samples 
for Studies 1 to 3 comprised children attending mainstream schools. Study 4 
comprised a mainstream school cohort and children with LD. Over 100 children from 
grades 3 to 6 formed the sample for Study 1. A similar number of children in grades 
2 to 9 were tested in Study 2. A sample of 62 children in grades 3 and 4 were tested 
in Study 3. In Study 4, 150 children in grades 3 to 6 of mainstream schools were 
compared against a group of 72 children attending a special school for children with 
learning disabilities. This school followed the normal Kuwaiti school curriculum, but 
children with LD also received specialist teaching in smaller class sizes. 
The aim of the Studies was twofold: firstly, to assess the role of executive processes 
in literacy and secondly, to assess the ability of measures of executive functioning to 
identify those with literacy weaknesses. Measures of working memory were used to 
assess the functioning of the central executive. Typically, these are based on the view 
that the executive system is involved in short-term memory tasks. Such tasks require 
the man ipulation of stored information (e.g., a reverse digit span task requires a 
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sequence of digit names to be repeated in reverse order) or tasks where information 
has to be stored while other information is processed (e.g., a listening span task which 
requires judgement concerning whether a sentence is meaningful or not while the last 
word of previous sentences has to be remembered to allow repetition in the order of 
presentation). In addition to its role in information storage, the central executive has 
been considered an attentional system, which focuses processing on certain material, 
and/or inhibits processing of other material; in other words, it is selective. In order to 
assess this area of functioning, the research also included measures of attentional 
focus or interference, requiring the child to ignore irrelevant information in order to 
identify target stimuli (for example, in the Stroop paradigm, interference is produced 
in a colour naming task by an irrelevant and incongruous colour word). 
Study 1 focused on the relationship between measures of literacy (reading 
comprehension, reading accuracy and reading speed were used, though a measure of 
non-word decoding was also included) and tasks assessing different aspects of 
working memory. These relationships were contrasted with those for phonological 
processing skills; in particular, phonological awareness, though a measure of rapid 
naming was also included in the Study and a non-word repetition task was used to 
focus on the processes of the phonological loop. A listening span task and a reverse 
digit span task assessed central executive processes. Overall, the data indicated that 
central executive measures predicted variance in comprehension levels, in addition to 
measures of the phonological loop, phonological awareness and rapid access of verbal 
labels, although the influence of the central executive measures was stronger in older 
readers. Generally, there was a trend for younger readers to show larger effects of 
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phonological processing on literacy skills, whereas the older children showed 
increasing effects of working memory functioning. 
Study 2 focused on reading comprehension, contrasting the relationships between 
literacy and working memory measures found in Study 1 with those for attentional 
processes (i.e., the ability to select or ignore irrelevant information). The aim was to 
assess the different functions of the central executive, as related to memory or 
inhibitory processes, on Arabic literacy skills. In testing memory, a listening span 
task was contrasted with visuo-spatial memory and a sentence repetition task to 
determine further the specific effects of a complex span task. In testing attentional 
control processes, measures of word and number interference were used, and a 
measure of rapid naming was included to assess speed of processing. As in Study 1, 
the results again argued for an increasing influence of working memory processes on 
reading comprehension with age/experience. This effect was more closely associated 
with memory aspects of central executive processes than attentional measures. 
The age/experience effects found in Studies 1 and 2 were the focus of Study 3. 
Different orthographic forms of Arabic (i.e., vowelized and non-vowelized text) were 
used with children in grades 3 and 4. These grades were chosen because this is the 
period of increased exposure to a more adult (non-vowelized) orthography. The 
findings again indicated a relationship between reading comprehension levels and 
central executive processes (as assessed by a listening span task). However, this 
relationship was more evident with non-vowelized text among the grade 4 children. 
When the grade 3 children were considered, comprehension was better predicted by 
phonological measures (sound deletion and rapid naming). These findings suggest 
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that relationships between literacy, phonological processing and central executive 
functioning may vary with exposure to different orthographic fonns in addition to 
experience. Effects found in Studies 1 and 2, therefore, may be related to both 
experience and exposure to non-vowelized Arabic text. With vowelized text, 
phonological skills may be adequate for comprehension. whereas the more opaque 
non-vowelized orthography may require the child to use more complex working 
memory processes to support understanding. 
Study 4 compared children with LD with mainstream peers. Consistent with the 
potential usefulness of working memory measures to support the identification of 
learning difficulties, the children with LD perfonned poorly compared with the non-
LD subjects on measures of reverse digit span and listening span. These two 
measures showed larger effects (i.e .. differences between children with LD and 
controls) than measures of phonological awareness. These data were consistent with 
the conclusions of Gathercole and colleagues (Gathercole & Pickering 2000) that the 
functioning of the central executive may be indicative of success or problems with 
basic educational achievement, as experienced by children with LD. 
The following chapter provides background details to the areas covered in the 
research. The research chapters, one for each of the Studies discussed above, and 
finally a general discussion chapter follow this. 
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Chapter 2 
Introduction 
The current research focused on Arabic literacy skills, particularly reading 
comprehension, given the relative dearth of research in this area. The features of 
Arabic orthography make investigation of reading comprehension a potential guide to 
literacy acquisition and literacy learning difficulties. Certain Arabic orthographic 
features are discussed in the next section to introduce the reason for targeting 
comprehension. The section on orthography then leads to a discussion of 
phonological processing, since this has been the main skill studied in relation to 
Arabic reading ability and relates to the ability to decode written words. There then 
follows a section covering the background to reading comprehension findings in the 
literature and learning disabilities as defined in Kuwait, where the research was 
undertaken. A section discussing attention and working memory and their 
relationship to reading ability and literacy learning difficulties follows this. 
Arabic Language and Orthography 
Arabic is one of the major languages in the world spoken by more than 300 million 
people (roughly equivalent to the numbers speaking English and Spanish). Many 
people worldwide are exposed to the written form of Arabic via religious texts 
(particularly the Quran). The emergence of a variety of local forms. or dialects. may 
be attributed to the diversity and geographical separation of countries where Arabic is 
spoken. Such vernacular may be understood by only a very localized group, but not 
by those from other areas of Arabia. Modem Standard Arabic (MSA) is the common 
language of communication across the Arab world and the written form represents 
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this common language. Since MSA is not a mother tongue of anyone in the Arab 
world, acquiring good skills in MSA occurs primarily during schooling. Depending 
on the local language, given that lexical items will vary to differing degrees between 
MSA and the mother tongue. and syntactic and morphological rules in MSA will varv 
from a child's spoken experience. learning the written form can promote 
understanding across Arabic-speaking countries. Despite the significance of written 
text in cultural and religious aspects of Arabic life, there are still a large number of 
individuals who cannot read (some 9% of illiterate individuals live in the Arab world). 
Consequently, it is an important language to consider in terms of literacy acquisition 
and factors that may be related to literacy learning problems. 
Arabic, as one of the Semitic languages, is characterized by its basis of consonantal 
roots (meaning that any Arabic word may be analyzed to three consonants as the basis 
of the word). Arabic nouns are subject to desintentional inflection: endings are added 
to the base of the noun to indicate its grammatical function in the phrase. Word 
meanings vary in two ways: vocalizing the simple root and adding prefixes, suffixes 
and influxes. It is worth noting that Arabic words can incorporate two abstract 
morphemes: the consonantal root and the phonological pattern. The Arabic writing 
system represents mainly consonants as it is designed to convey the root information. 
Finally, it is an agglutinative language (i.e .. one word corresponds to a whole English 
sentence) because of the addition of negative suffixes, tense suffixes, person prefixes 
and so on to the word base. 
Arabic is consistent with most Semitic languages (such as Hebrew) in that it has a 
highly regular/transparent orthography (the marked or vowelized form of the writing 
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system), but it is based on a highly derivational morphological system, the emphasis 
on which leads to a reduction in the importance of the relationship between letter and 
sound except as a means of initial learning. Having learned the basic association 
between the written and verbal form, the emphasis of the written form is on meaning, 
which is conveyed primarily by morphological components. 
Though languages such as Arabic and Hebrew have a highly regular orthography 
when fully marked (or fully vowelized), this form is rarely used in literature read by 
the more experienced reader. Arabic has two kinds of scripts: shallow and deep. 
Shallow script is the form of Arabic script produced when diacritics are used in the 
text (vowelized text). Deep script evolved when these diacritics are not used. Arabic 
script, as other Semitic languages, is written from right to left and contains 28 letters 
in its alphabet (17 basic character forms with the remaining 11 letters being 
distinguished by dots placed above or below the character form). Elbeheri, Everatt, 
Reid & AI Mannai (2006) concur that Arabic script is unusual in its transparency. It 
is highly transparent when diacritics are used in the beginning reader's text 
(vowelized texts). However, these short vowel markers are absent in the majority of 
more advanced written works (non-vowelized texts). Once beyond initial school 
grades, the Arabic child experiences mainly non-vowelized text in which short vowel 
markers are removed, leading to an orthography that is highly opaque in its 
relationship between letters and sounds, and to text that contains a large number of 
homographic words (i.e., words that look alike but which represent different concepts 
and are often pronounced very differently). Such non-vowelized text needs to be read 
"in context", so anyone reading Arabic must recognize the context within which a 
word is written, such as the meaning of words around the homograph or the general 
13 
theme of the passage, to understand the meaning of the word and pronounce that word 
correctly. Arabic therefore goes from a relatively transparent form in early learning 
(consistent with languages such as German) to a relatively non-transparent form, more 
akin to English, once initialleaming has occurred. An understanding of learning to 
read and write in Arabic, therefore, may require an understanding of learning to read 
and write across the orthographic dimension. 
Arabic written language is an alphabetic system of28 letters (see Elbeheri et al 2006); 
only three of these letters are vowels and the remaining 25 are consonants. The form 
of a letter depends on its position within the word, varying according to its place 
either at the beginning, middle or end ofa word,"~" (~-.?~-p); though certain 
letters have two forms only: placed at the beginning and end "..l" (..l.:o.. _~.A - ~.J..l). 
Small diacritics placed above or below consonants indicate short vowels. The 
diacritics are "Damma" ( , ), "Kasra" ( , ) and "Fatha" ( '). Other diacritics include 
Tanwin "Nunation" ( " ) which refers to the indefinite case of nouns. "Hamzat al 
Kata" (~i) is an equivalent to the glottal stop. Shadda ( -) refers to doubling the 
letter (Y..l). Taouk & Coltheart (2004) however, state that in spoken Arabic there are 
29 consonants and eight vowels (three short vowels, three long vowels and two 
diphthongs), and in addition to the basic consonants and vowels in the written form, 
they discuss four other reading signs (i) "Sukun" or "resting" which indicates that no 
short vowels follow; (ii) "Shaddah" \vhich is written above the letter to indicate 
doubling the letter; (iii) "Maddah" which is written above the consonant "alif" to 
indicate that it is doubled and (iv) "Hamzah", which signifies a glottal stop. 
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It is worth noting that Arabic orthography is characterized by its cursive nature; words 
are written "joined up", not printed, so pauses in a continuous line of written Arabic 
may be considered as spaces between words. Out of the 28 letters that constitute the 
Arabic script, 22 letters are two-way connectors as they join to the preceding as well 
as the following letters. The other six letters are one-way connectors as they join to 
the proceeding ones only. 
Homographs are widespread in Arabic when diacritics ("'short vowels"") are not used. 
Homographs are words with the same spellings but different meanings, "~" (He 
wrote) "y:i5." (Books) "~" (was written). Therefore, Arabic words are obscure when 
these diacritics are not used, so to comprehend the written language, attention must be 
directed to its context. Skilled readers read fluently without using vowels; poor 
readers read well with the vowelized form and are likely to misunderstand 
unvowelized Arabic. Taouk & Coltheart (2004) distinguish two different kinds of 
homograph; namely heterophonic and homophonic. Heterophonic homographs are 
words identical in spelling but different in both pronunciation and meaning. 
Examples ofheterophonic homographs in English are boH', as in "to tie a bow" and 
bow, as in "to take a bow". Vowelized Arabic contains no heterophonic homographs, 
whereas, unvowelized Arabic has many, such as " oiyJl "which refers to both "the 
mirror" and "the woman". Homophonic homographs refer to words with identical 
spelling and pronunciation but different meanings. English examples of this type are 
bank, meaning (i) an institution offering financial services, (ii) a sloping area beside 
water or (iii) an arrangement of objects in a row. Arabic, either vowelized or 
unvowelized, includes homophonic homographs such as the verb .~ meaning to 
calm down and to reserve accommodation. Many researchers (Abu-Rabia 1998. Abu-
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Rabia & Siegel 1995 and Taouk & Coltheart 2004) concur that homographs are very 
common in unvowelized Arabic because the system of using root morphemes in the 
spoken language means that the same sequence of consonants will occur in many 
words. These words are then distinguished by their vowels. If the vowels are 
omitted, understanding may suffer. Abu-Rabia (1998) concurs that Arabic script is a 
letter-sound alphabetical system but adds that diacritically marked vowels are not part 
of the alphabet and that short vowels "are role-governed according to word meaning, 
inflection, and function in a sentence" (p 1 06). Literary Arabic is considered 
transparent, as there is a consistent grapheme-phoneme correspondence: that is, there 
is a correspondence between written script and its equivalent sound of speech. 
Reading Arabic script without vowels (unvowelized Arabic or deep Arabic 
orthography) can be a difficult task for beginning readers. This difficulty may be a 
direct consequence ofthe similarity of words (homographs) and letter similarity. 
Abu-Rabia stresses the importance of using vowels in Arabic even for skilled readers 
because many words are visually and orthographically homographic. 
Arabic script descended from the Semitic languages, especially from Aramaic 
(Nabatean) script. Semitic languages such as Arabic, Hebrew and Persian share the 
same prominent features. The "inadequacies" of Arabic script were evident because 
several consonants are similar except for dots and symbols placed above or below 
them; for example, the consonants " ~ / u / ~" which - refer to ··ba / ta / tha". 
Owing to the "inadequacy" of Arabic script an urgent need emerged for additional 
diacritical symbols, especially in the first century with the emergence of Islam (632 -
688 A.D.). New converts to Islam could not read the Holy Quran without these 
diacritics. Consequently, Al-Hajjaj in the seventh century asked Nasr Ibn Asim (a 
16 
famous Arab scholar) to eliminate "al ujmah" or the obscurity of Arabic. The 
language evolved in three stages: Nagt (diacritical dots for short vowels), al ujmah 
(diacritical dots/points to differentiate similar consonants) and Shakl (vowel diacritics 
whose shapes refer to long vowels as well as diacritic marks such as Shaddah, Sukun 
and Hamzah). 
An additional feature of the Arabic language is diglossia, which has been blamed for 
the persistence of poor literacy among Arabs and correspondingly lower levels of 
educational attainment. Frequent reparation, dropout, and non-completion rates 
reflect this problem. Some educationalists accept the existence of one form of the 
Arabic language only, Fusha, which is the official language of the Arab States, the 
common language of communication, and the language of literacy and instruction. 
Fusha (the standard written language) comprises, from their perspective, the old 
language norms, standards and linguistic varieties of Arabic. Fusha is an obscure 
linguistic system characterized by indistinctness and it is this that some 
educationalists consider too complex for ready comprehension, rather than diglossia. 
Fusha is a mixture ofthree elements: firstly, the classical form of the language 
derived from the Holy Quran (known as Classical Arabic); secondly, the written 
language associated with literary discourse (known as literary Arabic), and finally the 
modern blended form of both classical Arabic and literary Arabic (known as Modern 
Standard Arabic). This form emerged from the recent development of journalism and 
mass media across the Arab region. 
Both modern Arabic writing systems, as in English, are alphabetic (each allows 
reading and writing to occur at the phoneme level). However, Arabic, as other 
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Semitic languages, is read from right to left, unlike English. Furthermore, Arabic is 
written in cursive form only, whereas English takes either the cursive or the printed 
formats (Taouk & Coltheart 2004). Sampson (1985) outlines some of the main 
differences between Arabic and English. Arabic letterforms alter depending on where 
letters are placed within a word. English letters have the some form wherever they 
are placed. The presence of diacritics (symbols) representing vowels (short, long and 
diphthongs) is a prominent feature for the Arabic written language in its vowelized 
version. English rarely uses diacritics and not in the same way as in Arabic. 
The primary reason for focusing on the use of diacritics in the Arabic writing system 
is because it is perceived that the written form should easily be translated into its 
verbal form. For example, Abu-Rabia (l997a, 1998, 1999, 2001) argues that the 
inclusion of diacritics is likely to improve Arabic reading accuracy and speed as well 
as Arabic text understanding. This is consistent with the idea that such translation 
processes are the main factor in the development of fluent word decoding skills, a 
point that will be discussed in the next section since these decoding skills are 
considered to be dependent upon phonological processing. Therefore, research into 
literacy acquisition must consider the orthographic features of the writing system, 
how that system relates to verbal language (i.e., the translation process) and the ability 
to process phonology (the recognition that words are made up of basic sounds and the 
ability to use and manipulate these sounds in task completion). The next section, 
therefore, focuses on this aspect of reading research. 
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Phonological Processing 
There is considerable evidence that phonological skills are a significant factor in 
children successfully developing word-level literacy skills; see, for example, Adams 
(1990); Bryant & Bradley (1985); Frith (1995); Shankweiler & Crain (1986) and 
Snowling (2000). Evidence suggests that there is a significant phonological 
component in the initial stage of learning to read (Adams 1990; Cataldo & Ellis 1988; 
Ehri 1992), and difficulties in phonological processing continue to be associated with 
poor literacy and dyslexia throughout development into adulthood (Beaton, 
McDougall & Singleton 1997) and may be common to most languages/orthographies 
(Zeigler & Goswami 2005). The importance of phonology to reading and spelling is 
confirmed by a number of studies investigating the effects of accuracy and fluency in 
young children. There is considerable evidence to suggest that early phonological 
training, together with suitable linkage to early orthography and literacy experience, 
improves word literacy, and that such improvements continue throughout adolescence 
and into adulthood; for example, Bradley & Bryant (1985), Hatcher, Hulme & Ellis 
(1994), Iversen & Tunmer (1993) and Torgesen (2004). Such studies offer 
considerable support to a causal relationship between phonological skills and early 
word reading and spelling. 
Phonological processing is considered to be an area strongly related to literacy deficits 
(see Snowling 2000; Stanovich 1988; Wagner & Torgessen 1987). For a child to 
recognize the relationship between letters (or graphemes) and sounds (phonemes) 
within the writing system, the child must be aware of sounds within words (Adams 
1990; Bryant & Bradley 1985; Muter, Hulme, Snowling & Taylor 1998; Scarborough 
1998; Vellutino 1987). 
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Low & Siegel (2005) state that phonological processing refers to a variety of skills 
involving processing speech sounds. Scarborough & Brady (2002) define 
phonological awareness as "the broad class of skills that involve attending to, thinking 
about, and intentionally manipulating the phonological aspects of spoken language, 
especially the internal phonological structure of words" (p7). They go on to argue 
that phonological processing is the "formation, retention, and/or use of phonological 
codes [mental representation of speech elements] or speech while performing some 
cognitive or linguistic task or operation such as speaking, listening, remembering, 
learning, naming, thinking, reading, or writing" (p23). Tomblin (2008) states that 
phonological awareness refers to the ability to discriminate as well as manipulate the 
sounds of the language. He adds that phonological awareness is measured through a 
variety of techniques, such as rhyming, segmenting, blending and deleting sounds. 
Treiman & Zukowski (1991) consider that phono logical processing can be measured 
by certain tasks, with word unit tasks representing the simplest way of assessing 
phonological processing, whereas phoneme deletion and substitution tasks are the 
most complex ones. Awareness of syllables, onsets and rimes can develop without a 
previous knowledge of a writing system. Mahfoudhi & Haynes (2009) state, 
"Phonological awareness is an umbrella term that includes awareness and 
manipulation of speech at the word-, syllable- and phoneme levels. This latter ability 
to analyze and manipulate speech at the phoneme level is known as 'phonemic 
awareness'. Examples of tests often used to measure or teach phonological awareness 
may include: word level activities, like identifying the number of words in a given 
phrase or sentence; syllable tasks, such as syllable counting or syllable blending; 
rhyme tasks, such as identifying or producing a rhyme; phoneme segmentation tasks, 
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such as counting, tapping. or identifying phonemes; sound blending tasks, in which 
the student joins isolated sounds or syllables to make words and phoneme 
manipulation (identify, delete, add, substitute, or transpose phonemes or syllables)" 
(pI40). 
Goswami & Bryant (1990) consider that phonological awareness is a means of 
perceiving how children divide words into smaller units. It also refers to the ability of 
children to know and manipulate speech sounds. Goswami & Bryant (1990) state that 
the phonological skills of children relate to the development of literacy and a 
considerable body of evidence points to core phonological deficits characterizing 
individuals with poor reading. Research suggests that awareness at the phoneme level 
develops with the onset of literacy when children start to use letters (see discussions 
in Goswami 2000). For example, Castles & Coltheart (2004) observed that phonemic 
awareness developed conjointly with formal reading among English-speaking first 
graders, a finding that is further supported by a study indicating that performance on 
tasks of phoneme addition and deletion was better among those adults who were 
taught to read than those who were not (Morais. Cary, Alegria & Bertelson 1979). 
Goswami & Bryant (1990) examined the effect of phonological processing on the 
reading process. They found a correlation between awareness of alliteration and 
rhyming in English in pre-literate children (aged four or five) and their reading (and 
spelling) development in the following three years. Studies indicating that rhyme 
awareness, syllable awareness, and onset and rime awareness can develop in the pre-
literacy period lend support to the hypothesis that awareness may be a prerequisite for 
learning to read. 
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Another phonological skill is phonological decoding or the application of grapheme-
phoneme correspondences, a skill measured by reading pseudo-words (non-words). 
Phonological decoding involves the association of language sounds to print and is 
highly predictive of reading ability across languages. Goswami (2000) suggests that 
what should be included within phonological awareness (also phonological access and 
storage) may vary from one language to another and that the relative importance of 
phonological units (phonemes versus syllables) differs across languages. Given that 
awareness at the level of the phoneme is related to the onset of literacy, this level of 
awareness may also vary across languages (Goswami 2000). 
In conclusion, phonological processing means that readers are sensitive to language 
sound structure. Phonemes are a representation of a unit of speech. Phonological 
processing is a predictor of reading ability. A resemblance can be found between 
phonological awareness and phonics. Phonics requires matching letters and sounds, 
identifying grapheme-phoneme correspondence and using this knowledge in the 
reading process. It is believed that deficits in analyzing and representing 
phonological structures lead to difficulties in mastering the systematic relationship 
between spelling and sound (i.e., grapheme-phoneme correspondence) which is 
essential to reading development in alphabetic scripts. Phonological awareness 
problems result in difficulties learning letter-sound correspondences during the 
process of reading development. While much ofthe evidence regarding dyslexia is 
based on studies of English, research in other languages has generally leant support to 
the view that phonological deficits (problems with the representation and use of 
phonological information) are the predominating, ifnot universal, characteristic of 
dyslexia. Thus, children with dyslexia mainly display difficulties with phonologically 
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based tasks such as word and pseudo-word reading, rapid naming, and phonemic 
awareness. This theory regarding the phonological basis of dyslexia has come to be 
known as the phonological deficit hypothesis (e.g., Snowling 2000). 
According to the phonological deficit hypothesis, developmental dyslexia is a 
language-specific disorder stemming from impairment in the speech processing 
system. Deficits in phonological skills are found to be a prominent symptom of 
developmental dyslexia. For example, developmental dyslexics have impairments in 
tests of phonological awareness (Stanovich & Siegel 1994) non-word repetition 
(Snow ling 1981), rapid naming (Katz 1996), phonological recoding in working 
memory (Seigel & Ryan 1988; Rack 1985), phonological processing in lexical access 
(Bowers & Wolf 1993; Denckla & Rudel 1976), and phonological representation in 
the lexicon (Swan & Goswami 1997; Brown 1997). Therefore, according to 
phonological theory, dyslexics have a specific impairment in the representation, 
storage and/or retrieval of speech sounds. Precise speech-sound processing is 
considered an essential prerequisite in learning alphabetic systems (Bradley & Bryant 
1978; Vellutino 1979; Snow ling 1981; Brady & Shankweiler 1991). Phonological 
theory posits a close relationship between this cognitive-level deficit and the 
behavioural-level problems of poor literacy. Similarly, neurologists believe that 
phonological disorders result from a congenital dysfunction of the left-hemisphere 
underlying the relationship between phonological and orthographic representations, 
which may also relate to dyslexics performing poorly on phonological awareness 
tasks (i.e., conscious segmentation and manipulation of speech sounds). 
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However, not all researchers agree with the link between phonological processing 
deficits and dyslexia. For some, impaired phonological ability is a more likely 
characteristic of specific language impairment (or developmental dysphasia). rather 
than developmental dyslexia (Stein 2004). Other researchers argue for a close 
correspondence between specific language impairment and dyslexia, at least at the 
level of phonological deficits (Bishop & Snowling 2004). Either way, there is still the 
belief that deficits in analyzing and representing phonological structures lead to 
difficulties in mastering the systematic relationship between spelling and sound (i.e., 
grapheme-phoneme correspondence), considered essential to reading development in 
alphabetic scripts. However, there may be additional problems associated with 
literacy difficulties and/or dyslexia. According to Lyon, Shaywitz & Shaywitz (2003, 
as cited in Mahfoudhi & Haynes 2009), dyslexia is a syndrome whose main 
symptoms are problems in word recognition and spelling, short-term phonological 
memory, as well as other possible problems in sequencing of tasks and attention. 
Some of these additional areas are the focus of the current research reported in this 
thesis. 
Researchers focusing on Arabic and contrasting Arabic with English have also 
discussed the importance of phonological processing in describing dyslexia. For 
example, Everatt & Elbeheri (2008) write that there is "substantial evidence that 
difficulties in phonological processing, particularly when related to phonological 
decoding, have been a major distinguishing factor between dyslexia and non-dyslexia 
from early literacy learning to adulthood" (p4) (see also Beaton, McDougall & 
Singleton 1997; Bruck 1993; Elbro, Nielsen & Petersen 1994; Rack, Snowling & 
Olsen 1992; Snowling 2000). They also added "early phonological training (together 
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with suitable linkage to orthography and literacy experience) improves word literacy 
and reduces the likelihood ofliteracy difficulties" (p4) (see also Bryant & Bradley 
1985; Byrne & Fielding-Barnsley 1993; Cunningham 1990; Elbro, Rasmussen & 
Spelling 1996; Hatcher et al 1994; Lie 1991; Olofsson & Lundberg 1985; Schneider, 
Kuspert, Roth, Vise & Marx 1997; Tangle & Blackman 1992; Torgesen, Morgan & 
Davis 1992; Warrick, Rubin & Rowe-Walsh 1993). Similarly, Mahfoudhi, Elbeheri 
& Everatt (2009) suggest that the "dominant causal theory in the English language 
dyslexia literature is that the word level literacy learning problems found amongst 
dyslexic populations are due to deficits in phonological processing - i.e., those 
processes primarily involved in the identification, storage, manipulation and 
production of sound forms" (p313). These processes may be essential to translate a 
written letter string into an appropriate pronunciation. Given that many researchers 
(Goulandris 2003; Smythe, Everatt & Salter 2004; Snowling 2000; Stanovich 1988-
see also discussions on Arabic in Mahfoudhi et al 2009) consider dyslexia is a 
problem with word-level literacy processes, and the role of phonological processing in 
word-level literacy, it is not surprising that a number of studies in Arabic have been 
undertaken. 
The role of phonemic awareness seems to be a pivotal factor in developing reading in 
alphabetic languages such as English; however, further research is needed to 
determine the differing contributions of phonological processes, and phonological 
awareness in particular, in different language families and orthographies. For 
example, Everatt et al (2004) state that greater ease in learning to read occurs when 
children are presented with a more transparent orthography, than with a more opaque 
one, which may produce differing literacy learning problems across transparent versus 
25 
opaque orthographies. A regular or transparent orthography (such as Hungarian) has 
a simple (or shallow) relationship between symbols and language sounds; one symbol 
represents one sound. Most orthographies have some irregularities in the relationship 
between written symbols and language sounds: the fewer there are, the more 
transparent the language is considered to be. Orthographies may be opaque or deep 
(as in English) or shallow (German). Evidence suggests that experience of a 
relatively regular orthography may lead to a greater use of phonological recoding, or 
sub-lexical processing, in skilled reading and literacy acquisition (see Goswami 
2000). Additionally, Goswami's (2000) view that phoneme-level phonological 
processing also varies across languages further argues for potential cross-language 
differences in phonological-based literacy deficits. 
Tahrani (2007), whose work focused on Persian, cautioned that despite the wealth of 
data supporting the phonological deficit hypothesis, the researcher cannot overlook 
other potential causal factors. It has yet to be confirmed whether an isolated 
phonological perspective provides a model that will work with the diverse nature of 
scripts found around the world. The relationships between rhyme familiarity and 
orthographic transparency identified amongst speakers of English, French and 
Spanish have led Goswami, Gomber & de Barrera (1998) to conclude that different 
orthographies may represent words at different levels of phonology dependent on 
their level of transparency. The main measures common to most English dyslexia 
assessment procedures have been those which focus on phonological processing 
skills, particularly those which assess phonological awareness; i.e. the ability to 
recognize sounds within words (for example, the Dyslexia Screening Test, Fawcett & 
Nicolson 1996; the Phonological Assessment Battery, Frederickson, Frith & Reason 
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1997). These phonological awareness measures have been found to vary in their 
ability to distinguish good and poor readers across orthographies of differing 
transparency (Everatt et al 2004), with speed of processing measures better able to 
distinguish good and poor readers of transparent orthographies (Wimmer 1993). 
Similar variations in phonological predictors across languages have been found by 
Smythe, Everatt, Gyarmathy, Ho & Groeger (2003), who concluded that measures 
requiring the ability to store/repeat verbal information were better cross-language 
identifiers of those children experiencing literacy difficulties. From a phonological 
perspective, these alternative identifiers of literacy learning difficulties should be 
measures of rapid naming and/or verbal short-term/working memory, since these 
areas of processing may also rely on phonological skills and can be subsumed under 
the phonological deficit hypothesis. 
In contrast, Elbeheri (2004) states that Chinese children with poor and good literacy 
skills demonstrated a close relationship between literacy and aspects of phonological 
processing. Elbeheri (2004) also comments that empirical studies on the incidence 
and occurrence of developmental dyslexia among Arabic speakers have hitherto been 
few and far between (e.g., Abu-Rabia & Awwad 2004; Abu-Rabia, Share & Mansour 
2003; Gilgil 1995). However, in one of the more influential studies, Abu-Rabia, 
Share & Mansour (2003) investigated the role of phonological processing in Arabic 
and concluded that, consistent with their monolingual English-speaking counterparts, 
dyslexic Arabic readers showed poor phonological decoding abilities, as well as poor 
phonological awareness, in comparison to chronological age-matched normal readers 
and younger reading-matched readers. Similar findings in Jordan were reported by 
Salim (2005), whose study identified significant differences, the greatest in the sub-
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tests of sound blending, auditory completion, visual sequential memory and grammar 
completion, again implicating phonological processes, as weB as memory and 
syntactic awareness. 
One way of considering cross-language phonological influences on literacy 
acquisition is to consider children learning to be literate in two languages. Research 
on bilingual/multilingual groups can be informative about cross-language influences 
on literacy development, although generalizations need to take into account social and 
cultural factors in addition to those discussed in the present work (see Cline 2000). 
This is particularly important when educational assessment practices are considered, 
since second language learning/experience may influence results on achievement 
measures and/or IQ scores (Cline 2000; see also Cline & Shamsi, 2000). Despite 
these important caveats, it is worth noting that phonological processing skills can be 
relatively strong predictors of concurrent and subsequent literacy skills in a second 
language regardless of orthographic differences between those two languages 
(Campbell & Sais 1995; Chow et al 2005; Gottardo et al 2001). There is general 
agreement among first language reading researchers that phonological awareness is 
fundamental in developing reading skills in alphabet-based languages (Liberman 
1973; Tunmer & Nesdale 1982). Whether this also is true for second language 
reading and, if so, whether first language phonological awareness transfers to the task 
of reading in a second language has also been investigated (Abu-Rabia 2004). For 
example, a strong case for a causal relationship between first language (L 1) 
phonological awareness and second language (L2) reading skills has been reported by 
Ourgunoglu, Nagy & Hancin-Bhatt (1993). These researchers investigated the 
relationships between phonemic awareness in Spanish and word recognition skills in 
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English among Spanish-speaking children with English as a second language (ESL). 
Children were trained in onset and rhyme segmentation and in blending to read 
pseudo-words. The results indicated enhanced performance in reading real English 
words after training and that the English word recognition task results significantly 
correlated with phonemic awareness measures. 
A similar finding was reported by Carlisle, Beeman, Davis & Spharim (1999) in 
which 67 Hispanic children drawn from grades 1 to 3 participated. Their results 
indicated that second language reading comprehension achievement was enhanced by 
both first and second language vocabulary and phonological awareness. Geva, Wade-
Woolley & Shany (1993) tested 45 English kindergarten children enrolled in a 
Hebrew school to investigate the concurrent development of cognitive skills in two 
different orthographic systems. The researchers tested the participants' phonological 
awareness, orthographic knowledge, vocabulary, decoding and spelling. Phonological 
awareness was measured by a phoneme segmentation task in the subjects' first 
language, English. Although a significant level of first language advantage was 
detected in this study, the results showed significant relationships between 
phonological awareness skills and performance in word recognition in both 
languages. 
A similar conclusion was derived from Wade-Woolley & Geva's (2000) study of 
English-speaking children learning Hebrew as their second language. Again, the 
relationship between phonological knowledge and reading skills was addressed in the 
study. Their investigation employed measures to assess the children's phonological 
awareness, orthographic knowledge, decoding skills. and sentence reading skills. The 
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findings demonstrated interdependence among phonological skills in both languages. 
The authors argued that in order to develop reading skills it is necessary to have a 
basic level of phonological ability, but that the phonological properties of the specific 
target language add difficulty for beginning readers. 
Further support for transfer of phonological skills across alphabetic languages was 
presented by Comeau, Cormier, Grandmaison & Lacroix (1999). They conducted a 
year-long study, involving 122 English-speaking children in the first, third, and fifth 
grades in French immersion settings. They examined the students' phonological 
processing skills in relation to their reading skills development in both languages. 
Results demonstrated strong correlations between reading achievement and 
phonological awareness in Ll and L2, which were considered more robust than the 
relationships between reading achievement and lexical access or verbal working 
memory. Similarly, Low & Siegel (2005) examined the relative role played by 
phonological processing, verbal working memory and syntactic awareness, and their 
relationship to reading comprehension performance among 884 native English (L 1) 
speakers and 284 ESL speakers in sixth-grade (mean age: 11.43 years). This study 
also emphasized the importance of three cognitive areas (phonological processing, 
verbal working memory and syntactic awareness) in establishing a common model of 
reading comprehension across English L 1 and ESL. 
The above studies dealt with alphabetic scripts. However, there are two other major 
orthographic types: logographic, such as Chinese (in which the basic representational 
unit is a character which represents a meaning), and a syllabary system. such as 
Japanese Kana scripts (Hiragana and Katakana), in which the basic unit of 
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representation is a syllable. On the assumption that different orthographic systems 
involve correspondingly different underlying mechanisms, and so different sets of 
requisite competencies, it is important to explore whether and/or how transfer across 
the two languages occurs. As mentioned above, Chinese script is semantically based, 
in contrast to alphabetic and syllabary scripts. However, it is incorrect to assume that 
Chinese script lacks phonological information, since many characters contain 
phonetic components that provide information on pronunciation of the character. 
Thus, a more accurate view is that Chinese orthography is morpho-syllabic. 
Research involving two different types of orthographies is sparse and there are very 
few studies focusing on issues of transfer and phonological processing for young 
Chinese-language learners of English as a second language. However, sufficient 
evidence exists to assert that phonological processing is a necessary part of reading 
even with logographic systems (e.g., DeFrancis 1984; Perfetti & Zhang 1995; Tzeng, 
Hung & Wang 1977; Wydell, Patterson & Humphreys 1993). For example. Wade-
Woolley & Siegel (1997) conducted a study involving 79 grade 2 Chinese and Indian 
(Gujarat, Urdu and Punjabi) language children learning English as a second language 
in Toronto. They investigated the children's English phonological awareness skills 
and the relation of these to spelling and word reading performance in English. The 
researchers began their analyses by first conducting separate ANOV As to examine the 
Chinese and Indian participants' performance on the tasks (sound mimicry and 
phoneme deletion tasks). Since accuracy levels were compatible for the Chinese and 
Indian students, it was determined that the separate native languages did not 
differentially affect the students' ESL phonological skills. Thus, the remaining 
analyses were conducted without separating the participants by first language 
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background and the data compared to children with English as their first language. 
The findings were that the ESL students' overall performance patterns in English 
were similar to that of native-English readers, with poor readers from both language 
backgrounds (first and second language) showing similar deviations from the norm in 
tests of word recognition and phonological skills. 
Geva, Yaghoub-Zadeh & Schuster (2000) considered individual differences in word 
recognition skills by children with ESL. The study had three specific goals: (i) 
examination ofthe degree to which ESL word recognition skills resemble those of 
native English speakers; (ii) examination of the degree to which phonological 
processing skills and rapid naming performance predict individual differences in word 
recognition and (iii) examination of the developmental patterns of skills underlying 
word recognition. The initial sample comprised 248 children with ESL and 100 
English first language children; 200 children with ESL and 70 English first language 
children remained at the end of the study due to sample attrition. The results showed 
that both phonological awareness and rapid naming performance were good predictors 
of ESL children's basic reading skills development. 
Gottardo et al (2001, cited in Lipke 2005) examined factors contributing to 
Cantonese-speaking children's learning to read English as a second language. The 65 
children participating were drawn from diverse backgrounds and attending schools in 
Canada in which all instruction was conducted in English. The researchers employed 
a variety of tasks to examine the students' phonological processing. orthographic 
processing, and oral language competences in both Chinese and English. The results 
of correlational analyses indicated that English phonological processing performance 
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was related to English word and pseudo-word reading skills, but not to other English 
phonological processing variables such as phoneme deletion and phoneme detection. 
The most striking finding was that Chinese rhyme detection was associated with 
English-reading skills and English phonological processing measures. Moreover, 
regression analyses showed that when first and second language phonological 
measures were examined together to determine their relationships to English reading, 
Chinese phonological processing skill (rhyme detection) was a predictor of English 
reading. Therefore, both English and Chinese phonological processing seemed to 
contribute unique variance to English reading. The authors concluded by stating that 
these results demonstrated that the child's first language phonological processing 
skill, even if it is non-alphabetic, is vital in learning to decode an alphabetic 
orthography. However, although these findings on the reciprocal relationship of 
phonological processing for two languages with different types of orthographies is 
remarkable, the conclusions warrant caution, because of the diverse backgrounds of 
the participants of this study. While the participants were Cantonese-L 1 children by 
definition, this categorization is somewhat questionable. Out of 65 children, as many 
as 30 individuals, nearly half of the population, were Canadian-born. Although no 
participants' parents stated English was the language they used at home, most of them 
spoke English to some degree. Two children reported that they used English at home, 
while as many as 29 children reported that they spoke both Chinese and English at 
home. Furthermore, the students' exposure to Chinese schooling was another source 
of difference among the participants. In generaL the participating children' s 
schooling in English was at a higher level than that in Chinese. Also, there is no 
mention of their literacy experience or training in Chinese. These factors could be 
considered as confounding variables in the interpretation of the findings. 
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Wang & Geva (2003) examined the perfonnance of Chinese children identified as 
ESL learners and native speakers of English on real word and pseudo-word spelling 
tasks. The sample of the study included grade 2 students, with a mean age of about 
seven years. Most of the Chinese students were born in Canada, but spoke only 
Cantonese at home, and lived in an environment exposing them almost exclusively to 
Cantonese. Many of the Chinese children attended heritage language schools each 
week, where they received reading and writing instruction in Chinese, using the rote 
approach to learning characters common in Hong Kong. The findings for the Chinese 
students showed evidence of transfer from their first language. Both Chinese and 
English children could spell familiar words, but the Chinese cohort perfonned poorly 
on the pseudo-word spelling to dictation task. The authors discuss the findings in 
tenns of lexical versus sub-lexical processes; the visual-orthographic processing 
demonstrated by the Chinese students was interpreted as transferring to second 
language English. However, as the authors suggest, the children in the sample had 
not received much exposure to English at the time they were tested and so their poor 
perfonnance may also reflect limited English. 
As with research contrasting different orthographies, studies of Arabic reading are 
relatively rare. However, those that have been conducted also indicate the importance 
of phonological processing. In the study mentioned above by Abu-Rabia, Share & 
Mansour (2003) the perfonnance of reading disabled Arabic learners was compared 
with both age-matched and reading-level-matched peers in tests of phonological 
processing. However, this study also assessed orthographic processing, as well as 
measures of syntax, morphological awareness, working memory and visual memory. 
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Results showed that the reading disabled group performed less well than both control 
groups on phonological awareness tasks. Reading disabled subjects performed less 
well in phonological awareness tests but better in orthographic processing. Another 
study of Abu-Rabia et al (2003) identified phonological awareness as a good predictor 
of the variation in reading levels, with morphological awareness as a close second. 
Abu-Rabia (1995) concluded that phonological processing, syntactic awareness, and 
working memory skills correlate with improved reading ability, a conclusion similar 
to that proposed in an English language study (Siegel & Ryan 1988). 
The importance of phonological processing measures as predictors of Arabic literacy 
levels was also noted by AI-Mannai & Everatt (2005) who examined predictors of 
literacy development among grade 1 through grade 3 Arabic-speaking learners in 
Bahrain and by Elbeheri & Everatt (2007) with fourth and fifth grade Arabic speakers 
in Egypt. Results from both studies indicated relationships between literacy ability, 
decoding skills and phonological processing and the Elbeheri & Everatt study found 
evidence that Arabic children with evidence of dyslexia also showed signs of poor 
phonological skills. In addition to measuring reading level, this latter study assessed 
the children's ability to identify rhymes, delete individual phonemes from words, 
retain and manipulate sequences of digit names and rapidly access verbal labels. 
Further, literacy and literacy-related tasks involved decoding novel letter strings, 
distinguishing similar words, identifying words within letter chains and correctly 
spelling dictated text. A non-verbal ability measure was also included to allow 
comparisons to be made between groups of poor readers with good non-verbal skills 
( dyslexics) with a control group of chronological age-matched normal readers with 
equivalent average scores on the non-verbal task. These comparisons indicated that 
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phonological-based measures distinguished between dyslexics and controls but, in 
addition, measures requiring the correct identification of vi suo-orthographic features 
(such as in a word-chains task) and the retention of verbal information were also 
potential identifiers. 
Much of the work investigating the influence of phonological processing on reading 
achievement has focused on reading at the word level; i.e .. decoding individual words 
so that they can be pronounced and their meaning accessed. However, processing 
individual word meaning is rarely the aim of reading; it is more likely that the 
meaning of connected text is the desired outcome. Although phonological processes 
may be required for decoding individual words, other processes are likely to be 
needed to process connected text. Given that context may be required to support 
word reading in Arabic, those processes involved in accessing the meaning of 
connected text may be required to identify contextual cues to support word 
recognition. So, for Arabic, the processes involved in determining context will playa 
role in word as well as text level processing. Therefore, the next section will discuss 
the processes considered important for text comprehension. 
Reading Comprehension 
Reading comprehension involves the extraction of meaning from text and requires 
both the recognition of individual words and knowledge of their meaning. Gough & 
Tunmer"s (1986) "Simple View of Reading" maintains that successful reading 
comprehension is predominantly dependent upon the accuracy (or fluency) with 
which words are recognized or decoded and upon language comprehension. 
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Snow ling (2000), Stanovich & Siegel (1994) and Shankweiler (1989) suggested that 
reading comprehension difficulties might be caused by a "phonological bottleneck." 
Accordingly, comprehension problems are a direct consequence of a child's inability 
to establish or sustain a phonological representation of verbal information when 
reading. Consequently, phonological skills account for significant variance in reading 
comprehension performance (e.g., Gottardo, Stanovich & Siegel 1996). However, 
Cain, Oakhill & Bryant (2000) consider the relationship between phonology and 
reading comprehension may not be direct, but rather may be mediated by word 
recognition. A number of studies have demonstrated that phonological skills are not 
impaired in children with specific comprehension difficulties: across a range of 
different phonological processing tasks, including phoneme deletion, rhyme oddity, 
judgement and fluency, spoonerisms, and non-word repetition, such poor 
comprehenders are indistinguishable from control children (e.g., Nation & Snowling 
1998a; Stothard & Hulme 1995). 
Chen & Vellutino (1997) argue that the relationship between language comprehension 
and reading comprehension is mediated by decoding ability. Once decoding skills 
have reached a certain level of proficiency, language comprehension facilitates 
reading comprehension. Consequently, if decoding skills are poor, the contribution of 
language comprehension to reading comprehension will be minimal. This may best 
be understood by considering a language-based phonological module that is used to 
segment words into their underlying phonological elements, which then undergo 
semantic analysis. Inefficient phonological processing, therefore, may constrict 
information used in language comprehension processes, thereby interfering with the 
extraction of meaning from text. However, the extent to which reading 
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comprehension is mediated by phonological processes is subject to debate (see 
Coltheart & Coltheart 1997, for a review). Although several models maintain that the 
only route from orthography to semantics is via phonology, others advocate a direct 
link between orthography and semantics. In both cases, though, there is a need to 
decode letter strings into an internal phonological or orthographic form. Therefore, 
phonological awareness and/or decoding skills represent two potentially interrelated 
factors that contribute to reading comprehension. 
In addition to phonological awareness and decoding skills, short-term/working 
memory has also been identified as an important component of reading 
comprehension. For example, the ability to parse a sentence relies on the temporary 
storage and concurrent processing of information via working memory. Perfetti 
(1985) argues that decoding words and linking them to a semantic store relies on the 
use of memory. Oakhill & Yuill (1996) assert that there is a significant correlation 
between working memory and reading comprehension, based upon the idea that an 
individual would be unable to reflect upon their understanding of a text if they could 
not recall its content effectively. If, for example, the first part of a sentence is 
forgotten by the time the reader reaches the end of the sentence, then comprehension 
will be impaired. Similarly, Stothart & Hulme (1996) state that to understand prose it 
is necessary to remember information so that the semantic and syntactic relationships 
among successive words, phrases and sentences may be processed and a meaningful 
representation of the passage constructed. However, it is likely that processing 
efficiency, rather than storage capacity per se, plays the more important role in the 
ability to comprehend text; therefore, measures of short-term storage, working 
memory and processing speed were included in the current work. 
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The hypothesized word-level stage of the comprehension process involves a reader 
decoding a word and obtaining a semantic meaning from the internal lexicon. Perfetti 
(1985) argues that meaning units are derived from the text and produce 
"propositions". As each proposition is understood, it forms a chain of meaning 
linking one proposition to another. The correct interpretation of each proposition is 
related to context. Therefore, context can aid decoding during prose reading, as well 
as understanding at the sentence level or above. Stanovich (1980) argues that good 
readers tend to use context to aid their comprehension, whereas poor readers are over-
reliant on context to decode, thus leaving them with less effective comprehension 
strategies. Context enables readers to make predictions about what they are about to 
read, which should again facilitate comprehension. The greater our ability to predict 
what is coming up in the text, the less processing may be needed for decoding so 
potentially allowing a greater degree of resources for comprehension. 
Perfetti (1985) argues that context based on syntax might also help predict words 
when reading: for example, "the" would trigger a noun-phrase pattern and words that 
cannot complete this pattern should be rejected or inhibited. Syntactic awareness here 
refers to the ability to understand the basic grammatical structure of a language (Cain 
2007; Tunmer & Hoover 1992). The ability to use the syntactic structure of spoken 
language has been found to be related to reading development via its contribution to 
reading comprehension (Bowey 1986; Bowey & Patel 1988), although it may also 
support word recognition skills by assisting a reader to use the grammatical structure 
of a sentence to decode unfamiliar words via the prediction process referred to above 
(Rego & Bryant 1993; Siegel 1992; Tunmer 1989; Tunmer & Hoover 1992). 
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Syntactic awareness may help children to detect and correct reading errors, thereby 
enhancing comprehension monitoring (Tunmer & Bowey 1984). Consistent with this, 
children's ability to correct grammatically incorrect sentences within oral language 
has been correlated with measures of reading comprehension (Bowey 1986). In 
addition, syntactic awareness has been shown as one of three underlying cognitive 
factors (in addition to working memory and phonological processing), which 
significantly contribute to reading comprehension, even when word reading ability is 
taken into consideration (Pauline & Siegel 2005). Willows & Ryan (1986) reported a 
relationship between syntactic processing and early reading achievement, even when 
general cognitive ability and vocabulary level were controlled; although the precise 
interrelationships here are yet to be determined (see Bowey & Patel 1988). Studies 
have reported poor performance in syntactic awareness tasks in individuals with a 
reading disability (Siegel & Ryan 1988; Tunmer, Nesdale & Wright 1987) and 
researchers have identified the ability to process syntax as an important component of 
word learning (Ehri & Wilce 1980). Furthermore, studies have found evidence for 
children with poor reading comprehension showing weaknesses on measures of 
syntactic awareness compared to same-age good comprehenders (Bentin, Deutsch & 
Liberman 1990; Gaux & Gombert 1999; Nation & Snowling 2000; Siegel & Ryan 
1988). 
Research derived primarily from English-speaking/reading children and adults argues 
for components of word decoding, phonological processing, working memory and 
syntactic awareness to play important roles in predicting variance in reading 
comprehension. The present work investigates some of these roles in Arabic-
speaking children. While there is research on literacy development and predictors of 
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lexical processing in the Arabic language, research on text comprehension and 
sentence processing is relatively scarce. In addition, the specific features of Arabic 
language/orthography indicate that research on text processing may be particularly 
valuable in increasing our understanding of Arabic literacy acquisition, as well as 
informing theories of reading comprehension. 
As discussed previously, Arabic has a highly regular/transparent orthography when 
presented in the marked or vowelized form of the writing system (in this respect, it is 
similar to many other Semitic languages; for example, Hebrew). Regular/transparent 
orthography is one where there is a relatively simple relationship between the written 
form and the language sounds that the written form represents: i.e., there is close to a 
one-to-one correspondence between graphemes and phonemes. In other 
orthographies (English being a good example), this correspondence is less transparent, 
meaning that a letter may represent several sounds, and several different letters may 
represent a particular sound. However, the Arabic language is based on a highly 
derivational morphological system. Once the basic association between the written 
and verbal form has been learned, the emphasis of the written form is on meaning, 
which is conveyed primarily by morphological components. Despite languages such 
as Arabic having a regular orthography when fully marked (or fully vowelized), this 
form is rarely used in most literary texts read by the more experienced reader (the 
exception, most likely, being religious texts). Once beyond initial schooling grades, 
the Arabic child will be exposed to text in which short vowel markers are removed. 
This orthography is opaque in its relationship between letters and sounds and contains 
a large number of homographic words (i.e .. words that look alike but which represent 
different concepts and may be pronounced differently depending on whether those 
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homographs are heterophonic or homophonic). Such non-vowelized text needs to be 
read "in context". This means that an adult or child reading text needs to decipher the 
context within which a word is written, such as the meaning of words around the 
homograph or the general theme of the passage, or the grammatical structure of a 
phrase, to be able to understand the meaning of the word and correctly pronounce it. 
Arabic word processing may rely on phrase/sentence processing or text 
comprehension to a larger extent than found in some other languages (including 
English). 
As discussed above, word decoding may be mediated by phonological processing. 
Such processes seem to be critical in developing the ability to translate a written letter 
string into an appropriate pronunciation, and this role has been investigated in Arabic. 
In the study by Abu-Rabia et al (2003) discussed above, the performance of reading-
disabled Arabic learners was compared with both age-matched and reading-Ievel-
matched peers in tests of phonological and orthographic processing, with results 
indicating that among the reading disabled group phonological awareness was 
extremely poor compared to relatively good orthographic processing. Abu-Rabia & 
Taha (2006) consider that phonemic errors that are fairly stable across Arabic school 
grades suggest that the Arabic learner tends to rely upon their 
phonological/decoding/alphabetic skills for longer than would be predicted based on 
current literacy developmental models derived from Latin-based scripts (e.g., Frith 
1985). Abu-Rabia & Taha explained that this might be a specific effect within 
Arabic, due to its complex phonology and orthography. Such effects may mean that 
phonological processing may have a stronger influence on Arabic reading 
comprehension levels than other areas, such as working memory. 
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The importance of phonological processing measures as predictors of Arabic literacy 
levels was also noted by AI-Mannai & Everatt (2005), who examined predictors of 
literacy development among grade 1 through grade 3 Arabic-speaking learners in 
Bahrain. Regression analysis indicated that pseudo-word reading was the best 
predictor of variability, with a rhyme awareness task also strongly predicting variation 
in word-level literacy, again consistent with the need to use phonological and letter-
sound decoding processing skills. The importance of phonological measures as a 
potential predictor of reading ability levels amongst fourth and fifth graders in Egypt 
(see discussion in previous section) led Elbeheri & Everatt (2007) to conclude that 
reading Arabic, like English, depends to a large extent upon phonological processing 
skills. Such evidence was used by Elbeheri, Everatt, Reid & AI-Mannai (2006). who 
proposed that models of English literacy acquisition and literacy learning difficulties, 
particularly the phonological deficit viewpoints of Snowling (2000) and Stanovich 
(1988), could translate to Arabic. However, these authors state that further research is 
necessary to allow firm conclusions to be made, given that variations from predictions 
based on English language models were identified. These were reasoned as 
potentially related to specific orthographic and/or morphological features of Arabic. 
Such features may make phonological factors less influential in Arabic reading 
comprehension and mean that other areas of processing warrant consideration. 
The Arabic written form is complex for the beginning reader/writer. For example. the 
positioning of dots or marks either above. below or, sometimes, within letter shapes 
distinguishes different letters or grammatical rules. These letter shapes vary 
depending on their positioning at the beginning, middle or end of a word. meaning 
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that the Arabic child will experience cursive text with letter shapes varying dependent 
on position within the word, with marks either included or not depending on the level 
of the text (vowelized or non-vowelized, as described above). In addition, despite its 
cursive form, some letters in Arabic (one-way connectors) do not join to both letters 
around them, meaning that the size of a space needs to be used to distinguish a word 
boundary. Therefore. recognizing an individual feature. such as a letter or a letter 
combination, may be a more complex process than doing the same thing in English. 
Consistent with this complexity argument, Ibrahim, Eviatar & Aharon-Peretz (2002) 
found that when biliterate children were given a trail-making task. in which 
participants had serially to order letters while matching them with numbers, an Arabic 
orthography condition was significantly slower than a Hebrew orthography condition, 
despite Arabic being the first language of the individuals tested. These findings led 
the authors to argue that the complexity of Arabic orthography makes it difficult to 
process. Additionally, Elbeheri & Everatt (2007) found that a word chains task (in 
which participants indicated word boundaries in a random series of Arabic written 
words from which the spaces between words had been removed) was strongly related 
to reading levels amongst Egyptian primary school children. and this relationship was 
greater than the analogous correlations for the phonological and decoding measures in 
the study. Again. specific Arabic orthography effects argue for processes other than 
phonological processing to be considered when assessing reading levels in Arabic 
children. 
It seems likely that orthographic complexity may be an additional hurdle for the 
Arabic child when learning letter-sound decoding. This may be particularly salient 
when the transition between vowelized and non-vowelized forms is encountered. For 
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example, Abu-Rabia (1999, 2001) investigated the influence of using vowelized and 
non-vowelized variations of the Arabic script among adults and second and sixth 
grade children, and found that the vowelized form of the Arabic script tended to 
increase the levels of reading comprehension shown by these readers. Although the 
vowelized form is more visually/orthographically complex than the non-vowelized 
form, making the link between letters and sounds simple may improve reading skills, 
even for skilled/adult readers. In a later study however, Abu-Rabia (2007) examined 
the reading skills of typical and dyslexic Arabic native readers (grades 3.6.9 and 12) 
and found that vowelization (either within words or at the end of words as a measure 
of syntactic knowledge) was not a predictor of reading accuracy or reading 
comprehension. Interestingly, whereas Abu-Rabia (2007) did not find vowelization 
predictive of Arabic reading amongst dyslexic and control children, there was an 
effect of morphology. Together with spelling ability, the identification and/or 
production of morphological units was generally predictive of reading (both accuracy 
and comprehension) in both groups across the grade range studied. Therefore, 
morphology, rather than orthographic effects, may be the reason why studies have 
found differing effects from that predicted by English language data. In addition, 
Boudelaa & Marslen-Wilson (2001, 2005) found that priming by morphological units 
was different from that obtained from orthographic/phonological controls suggesting 
that morphology and orthographic influences on word processing need to be treated 
somewhat independently in models of Arabic reading ability (see also Mahfoudhi 
2007). 
The current research focuses on the reading comprehension abilities of Arabic-
speaking children for two reasons: one, there is a dearth of research in this area and 
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secondly. the Arabic language and writing system contains features making the 
assessment of text processing potentially informative about universal theories of 
reading comprehension. The work discussed above indicates that phonological 
processing may be important for text reading but it may not be the only skill to 
influence literacy development. In the Arabic literature, measures requiring the 
processing of orthographic features, word boundaries and morphological forms have 
been found to be important, as well as verbal short-term/working memory. Data from 
studies of English reading comprehension also indicate that reading comprehension 
involves more than phonological word decoding. with working memory also being 
identified as an area of processing that can influence literacy levels. Therefore, 
working memory processes were the target of the current work. Data produced by 
this research should be indicative ofthe sort ofliteracy learning problems that Arabic 
children may encounter, primarily at the text reading level (this is covered in the next 
section of this introduction). In addition, given the features of the 
language/orthography, the findings should also inform work focused on Arabic word-
level decoding skills, thereby providing evidence on which to base word- and text-
level assessment and intervention practices . 
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Learning Disabilities 
The specific topic of investigation is the role of executive processes in the literac) 
skills of Arabic readers. Aside from a purely theoretical interest in this role, the 
present work also has the practical aim of assessing the usefulness of executh e 
processing measures in identifying children with literacy learning difficulties. The 
background work on which the current thesis is based has involved a discussion of 
work comparing children with a learning disability (LD) and those with no known 
learning problems. This section provides a brief overview of LD as it relates to the 
work conducted. 
In Kuwait (where the research was undertaken), the term learning disability (LD) 
refers to children who have average range or above IQ (i.e., 85+) but who show 
evidence of persistent problems in educational achievement. primarily in the areas of 
literacy and/or mathematics. The use of the term is consistent with its use in North 
America, but may be considered more synonymous with the terms dyslexia or specific 
learning difficulties in the UK. Irrespective of the terms used, such LOs are a 
universal concern. In Kuwait, a 2006 survey by the Kuwait Dyslexia Association 
found that specific learning difficulties leading to problems in acquiring literacy have 
an estimated prevalence rate of around 6% of the school population, or an equivalent 
of 33,000 in primary. intermediary and secondary schools. In 2000, the Kuwaiti 
government established the Kuwait Dyslexia Association. which conducts surveys 
and assessments to measure the percentage of dyslexics and implements programmes 
and measures localized to Kuwaiti society. In addition, also in KU\\ait. the Centre for 
Child Evaluation and Teaching was established in 1984 as a non-profit organization 
independent of. but associated with, the Ministry of Education to support children 
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with LD. The CCET encompasses a day schooL which follows the normal 
government curriculum for grades 2 to 9, and an evening school, which provides ad-
hoc support for any child in need. Children with LD may attend either facility. 
The 6% incidence rate for dyslexia is consistent with findings from studies elsewhere 
in the world (see Smythe et al 2004). These international data also argue for the 
condition to (i) be inherited; (ii) relate to specific cognitive and/or neurological 
deficits, particularly those associated with language processing, but not intelligence in 
general, and (iii) have far-reaching effects on the individual's success in education 
and employment as well as their well-being in society (British Psychological Society 
1999; Elbeheri & Everatt 2007; Elbeheri, Everatt & Al Malki 2009; Miles & Varma 
1995; Smythe & Everatt 2004; Snowling 2000; Stanovich & Seigel 1994). Although 
the specification of the deficits associated with specific learning disabilities has 
formed the majority of work in this area, learning-disabled individuals have abilities 
as well as weaknesses (Everatt et al 1999; Everatt et al 2008). For example, data 
derived from English-speaking children with learning disabilities have found that they 
often vary from the norm in terms of their memory functioning (Gathercole & 
Pickering 2001); however, some may show verbal memory deficits together with 
good functioning visual memory, whereas others show the reverse (e.g., Jeffries & 
Everatt 2004). 
In the UK, those children with the same general features as those defined as LD in 
Kuwait are typically referred to as dyslexic. Dyslexia is considered a learning 
disability that manifests primarily as a difficulty with written language, particularly 
with reading and spelling. It is distinct from reading difficulties resulting from other 
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causes, such as non-neurological deficiency with vision or hearing, or from poor or 
inadequate reading instruction. Evidence also suggests that dyslexia results from 
differences in how the brain processes written and/or spoken language. However. 
dyslexia is a direct result of neurological difference, it is not an intellectual disability. 
Dyslexia is the most common type of education-related learning disability, and the 
one upon which most research has focused. Indeed. a consideration of the problems 
related to the development of accurate and fluent word reading and/or spelling 
(British Psychological Society 1999) can help to specify the area of specific difficulty 
for the majority of learning disabled individuals. However, literacy assessment tools 
are not the only measures that can be used to support the identification oflearning 
disability (see Smythe et al 2004, for views across different languages). Areas of 
ability related to, though not specifically involving, literacy could be useful in 
assessment procedures designed to identify or predict literacy learning difficulties. 
Identifying measures related to literacy weaknesses and which can predict literacy 
learning problems wiIl enable the development of assessment tools that can be used 
prior to literacy learning failure. 
The phonological deficit hypothesis leading to problems in learning to read has 
become a dominant viewpoint (e.g., Catts & Kamhi 1999; Goswami & Bryant 1990; 
Lundberg & Hoien 2001; Shankweiler & Liberman 1989; Snowling 2000; Snowling 
& Stackhouse 1997; Stanovich & Siegel 1994; Vellutino 1979; Vellutino et al 2004) 
and research conducted in a variety of alphabetic languages has demonstrated a 
relationship between phonological awareness and literacy development (Gillon 2004). 
Dyslexia is therefore considered to be characterized by phonological-orthographic 
processing problems, with children's early phonological abilities being good 
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predictors of their later reading abilities and a lack of phonological awareness being 
related to failure in reading and writing (e.g., Bradley & Bryant 1983; Libennan et al 
1974; Lundberg, Olofsson & Wall 1980; Vellutino & Scanlon 1987). Investigating 
the implications of dyslexia manifestations in different orthographies assists in 
furthering our understanding of the condition and of the relevant and subsequent areas 
of interventions, policies and practices. Reading is, essentially. a mapping process 
(between phonemes and graphemes). In order to understand the origins of dyslexia 
and develop instruments and methods for identification and treatment, it is necessary 
to understand the processes and systems underlying learning to read. The underlying 
question is whether the cognitive pre-requisites of learning to read and spell are 
universal; i.e., independent of environmental factors such as language, writing system, 
orthography, school and home factors. Although studies of English-speaking children 
have highlighted the importance of phonological awareness and the ability to decode 
letters into sounds as a predictor of variability in literacy acquisition (Snowling 2000), 
contrasting evidence presented by Wimmer (1993) concluded that rapid naming was 
the largest predictor of variance in reading ability amongst Gennan-speaking children. 
Script transparency has been found to be an important factor (see discussions in, for 
example, Goswami 2002; Goulandris 2003; Katz & Frost 1992; Lander!. Wimmer & 
Frith 1997; Leong & Joshi 1997; Smythe et al 2004). Transparency here refers to the 
association between written symbols and language sounds. A transparent script has a 
simple one-to-one relationship, whereas less transparent scripts, such as English. have 
a much more complex relationship between letters and sounds. Though measures of 
accuracy seem to predict variability in literacy acquisition of a less transparent script 
such as English. measures of speed seem to be better predictors of variabil ity in more 
transparent scripts such as Gennan. Similar variations in phonological predictors 
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across languages have been found with short-tenn memory tasks. For example. 
Smythe et al (2003) found that measures requiring the ability to store/repeat verbal 
infonnation could distinguish groups of grade 3 children with and without literacy 
deficits in English, but could not amongst Chinese children with good and poor 
literacy skills. However, Ho, Chan, Tsang & Lee (2002) found that deficits in 
phonological awareness, speeded naming and visual/orthographic skills distinguished 
Chinese dyslexic readers from nonnal readers. Such studies suggest that the 
relationship between the different aspects of phonological processing and literacy may 
vary with the language or script studied. Further research is needed to detennine in 
which languages these relationships vary and the language factors that lead to such 
differences. Goulandris (2003) presents a cross-linguistic comparison that involves 
the nature of the language and the range of skills required for reading in different 
languages. She argues that in order to identify and appreciate the signs of dyslexia in 
a particular language, it is necessary to understand the relevant linguistic features of 
that language and focus on the processes involved in the development of reading and 
spelling, as well as the various cognitive skills which underpin the acquisition of 
literacy. Basically, the linguistic features of each language influence the acquisition 
of that language (see also Reid & Fawcett 2004). Paulesu et al (2001) concluded that 
although a neuro-cognitive basis underlies dyslexia in all three groups studied, 
differences in language orthographies influence the severity of reading, spelling and 
phonological deficits. 
Empirical studies on the incidence and occurrence of literacy-related learning 
difficulties among Arabic speakers investigating the role of phonological processing 
in Arabic have been consistent in concluding that such processes are predictive of 
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reading levels amongst Arabic children (see, for example, Abu-Rabia 2004; Abu-
Rabia, Share & Mansour 2003; AI-Mannai & Everatt 2005; Elbeheri & Everatt 2007: 
Elbeheri et al 2006; Gilgil 1995). The pattern of inter-relationships between literacy 
and phonological skills is consistent with conclusions derived from English-speaking 
cohorts, suggesting that models of literacy and specific literacy difficulties based on 
English language data may be appropriate for application to an Arabic context. 
However, Arabic literacy acquisition starts by using an orthography that is relatively 
consistent/straight-forward in its mapping between letters and sounds. in contrast to 
English, which has a relatively inconsistent/complex orthography-phonology 
relationship. Given that this variation in transparency of the orthography has been 
found in previous cross-language studies to affect the relationship between literacy 
and phonological measures (Everatt et al 2004; Goswami 2000), larger differences 
between Arabic and English might have been expected based on these previous data. 
In several studies on Arabic literacy, the level of prediction provided by phonological 
processing skills has been less consistent with that found for English language data 
(e.g., AI-Mannai & Everatt 2005; Elbeheri et al 2006). Thus, although phonological 
measures can provide a basis on which to identify and predict literacy-learning 
difficulties, additional measures may be needed to provide more precise levels of 
prediction specific to Arabic literacy learning. The aim of the current work is to 
investigate whether measures of executive functioning (particularly those related to 
working memory) may provide a more accurate level of prediction than that provided 
by measures of phonological processing alone. 
In addition to educational under-achievement and deficits in phonological processing, 
children with learning difficulties often are found to show deficits in short-term or 
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working memory (Dighe & Kettles 1996; McLoughlin. Fitzgibbon & Young 1994). 
Working memory can be defined as the ability to retain information in short-term 
storage while processing incoming information. Deficiency in working memory 
functioning may affect the ability to decode written scripts into sounds of speech and 
may lead to problems with literacy acquisition. This has led English language 
educational researchers/practitioners to develop and use measures to assess the 
individual components of working memory in order to examine these processes 
among children with atypical development (e.g., Gathercole & Pickering 2000; 
Hulme & Mackenzie 1992; Swanson 1993). Consistent with the potential usefulness 
of these measures to support the identification ofLD, data derived from English-
speaking populations have suggested that (i) children with language-related 
impairments show poor scores on phonological loop tasks (Gathercole & Baddeley 
1990; Jarrold & Baddeley 1997); (ii) individuals with motor-related deficits achieve 
low scores on non-verbal short-term memory tasks (Jeffries & Everatt 2003) and (iii) 
children with poor levels of educational achievement in general, as weII as those with 
attention deficit hyperactive disorder (ADHD), have difficulties in tasks that have 
implicated the workings of the central executive (Gathercole & Pickering 2000; 
Roodenrys, Koloski & Grainger 2001; Swanson & Sachse-Lee 2001). Although these 
studies used varying procedures and measures, they suggest a relationship between 
LO and one or more components within the working memory framework. Therefore, 
the current research targeted these areas of processing to assess whether they could 
support the identification of LO amongst Arabic children. The foIIowing section 
provides more details about working memory functions and its potential relationship 
to literacy acquisition and LO. 
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Attention and Working Memory 
School children classed as poor readers and/or learning disabled are often described as 
easily distracted in class (Richey & McKinney 1978; Sinclair. Guthrie & Forness 
1984). One reason may be that such children experience difficulty in focusing 
attention on tasks whilst ignoring irrelevant information (i.e., in selecting). However, 
classroom distractibility could also be a strategy to overcome other problems rather 
than an attentional malfunction. For example, a child experiencing difficulties with a 
task may glance around to see what other children are doing in order to gain extra 
information (Turnure 1970). Therefore, additional measures other than observations 
in the classroom are needed to determine attentional problems due to increased 
distractibility. One paradigm that has been used for this purpose is the effect of 
interfering information on word and non-word (colours, objects, digits, etc) 
processing. The degree of interference produced by irrelevant information should 
provide some measure of how successful selective attention is. Consistent with this, 
groups who show large interference effects also show other features of attentional 
deficits; for example, schizophrenics, children with attention deficit disorders, patients 
with frontal lobe dysfunctions and those suffering from Parkinson's disease. 
Examples of measures of interference are numerous, though the best known is the 
Stroop effect (Stroop 1935). One reason for considering this effect above others is 
that the Stroop effect has been widely researched (see Macleod 1991), particularly in 
relation to group differences (see Dempster 1991). An example of the Stroop effect 
might be presenting the word "red" in blue ink. which confounds the reader. Colour 
naming times in this situation are slower in comparison to a situation where a block of 
colour is presented, or a non-meaningful string of letters. The size of the Stroop 
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effect, therefore, can be seen as an indication of the subject's ability to ignore the 
word and simply process the colour, effectively selecting what they see. 
Consistent with a relationship between reading ability and interference, there is 
evidence that the magnitude of Stroop interference differs between disabled readers 
and their reading-able peers. Several studies indicate that differentially large Stroop 
interference is found in individuals classified as dyslexic (Everatt et al 1997), poor 
readers (Oas 1993) or learning disabled (Lazarus et al 1984). The Everatt et al (1997) 
study is worth considering further since it compared Stroop interference in a group of 
dyslexic children and two groups of control subjects, one matched with the dyslexics' 
chronological age, the other matched with their reading age. The findings were that 
dyslexics experienced a greater Stroop interference than the chronological age-
matched controls, but showed interference roughly equivalent to the reading age-
matched controls; the reading disabled individuals showed attentional effects 
commensurate with their reading ability. 
However, the relationship between Stroop interference and reading experience is 
complex. Initially, this relationship is such that interference increases with reading 
experience (Schiller 1966). This is probably due the development of word 
identification processes rather than changes in attention itself. For example, Ehri & 
Wi Ice (1979) gave beginning readers practice with unfami liar words and found that 
interference from those words increased. Such interference is often viewed as the 
increase in the automatic encoding of the word, or the reduction of attentional 
processes within word identification. Attentional mechanisms may. therefore. form 
an important aspect of learning to read, but may play little part in reading once it is 
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fully developed. For example, Horn & Manis (1987) gave first, second. third and fifth 
grade school children word categorization and identification tasks and compared their 
performance with those of college students. The important manipulation was that 
subjects were also required to perform a noise detection task (usually called a probe 
task) at varying delays following the word tasks. The results of this indicated that if 
the probe task occurred soon after a word task, reaction times to the probe were 
slower than those for probes that occurred some time after the word task. This effect 
was interpreted as indicating that both tasks require the same limited attentional 
resources. Since the word task has initial access to those resources the probe task may 
have to wait for them to become available, and so is delayed. Horn & Manis (1987) 
also found that there was a developmental trend in this effect. All subjects showed 
some effect of delayed probe reaction times, including the adult readers, indicating 
that attentional resources are required for all levels of reading experience. However, 
there was a reduction in the delay effect from first grade, through the other grade 
levels and into adulthood. These data suggest a major role for attentional resources in 
beginning readers, a diminished role among readers who have had at least one/two 
years reading experience, and an even smaller. but observable, role among adult 
readers. 
However, the data on interference effects appear different since once interference has 
reached some optimum level (around the age of six or seven years). it starts to reduce 
throughout the remainder of childhood until late teens/early adulthood. possibly 
increasing again from about 60 to 70 years of age (Comalli. Wapner & Werner 1962). 
These effects seem less likely to be attributable to increased automaticity of word 
processing, since increased interference would be predicted. More plausibly. 
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reductions in interference are produced by improved attentional processes inhibiting a 
word response or focusing upon a colour response: i.e .. the increased ability to control 
interference (see Ellis et al 1989; Dulaney & Rogers 1994: Tzelgov, Henik & Berger 
1992). In terms of the Stroop task, the inhibition of irrelevant information (usually a 
word) would enhance performance. Given that the size of inhibitory effects van with 
age in a manner consistent with the changes found in Stroop interference (see Tipper 
et al 1989; Tipper 1991), to consider that reductions in Stroop interference with age 
are due to increased inhibition would seem plausible. 
This may also explain relationships between interference measures and literacy, since 
inhibition has been argued to be a vital part of text comprehension. For example, 
Gernsbacher et al (1990) used an ambiguous word task to measure how well 
comprehenders of varying ability suppressed irrelevant meanings of words. Subjects 
were required silently to read a sentence as it appeared on a computer screen. A 
target word then appeared after the last word of the sentence, either immediately or 
following some delay, and the subject's task was to verify whether the target word 
matched the meaning of the preceding sentence. Two types of negative response 
conditions were used. In the first, the last word of the sentence was an ambiguous 
word (e.g., "He dug with the spade"), with the target word being consistent with the 
irrelevant meaning of the ambiguous word (e.g., "ace"). In the second negative 
response condition, the last word of the sentence was replaced by a non-ambiguous 
word (e.g., "He dug with the shovel"). A comparison between these two types of 
negative response conditions provided a measure of the subject's ability to inhibit the 
irrelevant meaning of the ambiguous word. Data from such studies suggest that 
suppressing irrelevant meanings of words is harder for poor comprehenders than their 
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more able peers. Therefore, one area of attentional processing that may support 
literacy acquisition is the ability to inhibit processing or overcome interference from 
irrelevant information. 
Such attentional processes have also been considered in terms of executive control 
processes. Executive control here may playa role in deciding what or what not to 
process, akin to focusing attention or inhibiting interfering information. The 
executive system has most often been associated with working memory. \\hich has 
also been discussed above in relation to literacy ability. Working memory may 
explain the link between attentional processes and literacy deficits. Baddeley (1996) 
perceived the central executive as a system that controls encoding and retrieval of 
stimuli input and monitors attention changes. He also considered it responsible for 
controlling and manipulating information stored in two sub-systems: the phonological 
loop for sound-based input and a visuo-spatial sketch-pad for visual and spatial input. 
Active components were later added to these storage systems: the articulatory loop 
and the inner scribe (Baddeley & Logie 1999). Although spatial and visual 
information were originally described as processed by one system, they have also 
been assigned to two separate components (Della Sala, Gray, Baddeley, Allamano & 
Wilson 1999; Logie 1995: Logie & Pearson 1997). Recent research by Pickering, 
Gathercole, Hall & Lloyd (2001) has elaborated upon this earlier research. Their 
study of children of different ages indicated that performance was dependent on 
whether the information being processed was moving ('"dynamic") (as in the Corsi 
blocks task; Corsi 1973) or fixed ("static"). The final addition to the working 
memory model was the incorporation of the episodic buffer; a temporary and limited 
storage facility that integrates the long-term memory with the working memory sla\ e 
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systems, leaving the central executive system to be used as an attentional system in 
working memory and other executive processes (Baddeley 2001). Although this helps 
to clarify the link between the central executive and attentional processing, this latest 
hypothesized sub-system requires refinement. 
Previous research has implicated deficits in the components of working memory with 
patterns of cognitive functioning characteristic of atypical learners or children with 
LD. For example, Gathercole & Pickering (2000,2001) found central executive 
weaknesses in children who were under-performing on UK National Curriculum 
tasks. Additionally, Swanson (1999, 1993) and Swanson & Sachse-Lee (2001) found 
central executive weaknesses amongst children with reading and learning disabilities 
and Smith-Spark, Fisk, Fawcett & Nicolson (2003) identified central executive 
impairments in adult dyslexics. Howieson & Lezak (1995) discussed 
neuroanatomical evidence for the link between working memory problems and 
difficulties or disabilities in information registration (attentional capacity, information 
processing) and executive functions. Swanson & Saez (2003) have attempted to 
"isolate" the processing deficits within working memory of individuals who 
experience problems in mathematics and reading. Indeed, if a common link between 
LD and working memory deficits can be discovered, then the underlying difficulty 
within the working memory in either processing or storage could be targeted in 
remediation programmes. Interventions using mnemonic strategies have been found 
to improve working memory functions in individuals with learning difficulties, 
potentially leading to improved learning skills and increased chances of educational 
success (McLoughlin et al 1994: Hulme & Mackenzie 1992). 
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Bespoke interventions linking operations of the working memory system with specific 
learning deficits should be found to be most effective. One study that has found a link 
between deficits in different areas of working memory and specific learning 
difficulties is that of Jeffries & Everatt (2003). They tested adults with dyslexia or 
dyspraxia and compared their performance on measures designed to assess the 
functioning of the phonological loop and visuo-spatial sketch-pad with a control 
group of adults with no known learning difficulties. Results indicated that dyslexics 
showed deficits in recall tasks involving the phonological loop, whereas dyspraxics 
showed deficits in tasks involving the visuo-spatial sketch-pad. Interestingly, these 
groups demonstrated good retention ability in tasks using the working memory sub-
system not associated with deficits. These findings suggest that the working memory 
model may inform compensatory strategies for learning and identified the deficits 
within the slave systems of working memory. However, in most studies, educational 
and learning difficulties have been linked to the functions of the central executive 
system. For example, Gathercole & Pickering (2000) found central executive 
weaknesses in seven-year-old children who were under-performing on national 
curriculum tasks and Roodenrys, Koloski & Grainger (2001) have found an 
association between central executive difficulties and AD(H)D. 
Explanations proposing deficits in short-term memory or working memory as related 
to LD also cite evidence that short-term recall of phonological information is a 
characteristic of dyslexia (see discussions in Hulme & Mackenzie 1992; Mann & 
Liberman 1984; Thomson 1990). Various studies, across different languages (see 
Gathercole & Baddeley 1993; Wimmer et al 1998), have suggested that children 
experiencing difficulties with retaining sounds in short-term memory are likely to 
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have problems with the acquisition of verbal vocabulary and development of stable 
graphic-sound associations. Such processes may be important in reading and listening 
comprehension, as well as in language acquisition (Daneman 1991; Daneman & 
Carpenter 1980; Gathercole, Willis, Emslie & Baddeley 1992). Catts (1989) showed 
that dyslexics have greater difficulty than non-dyslexics in the areas of short-term 
recall of letters, words, digits and sentences. Even tapping a rhythm by hand has 
proved difficult for dyslexic children (Wolff, Michel & Ovrut 1990). However. it has 
been argued (Hulme & Roodenrys 1995) that the direction of causality between short-
term memory deficits and reading problems has not been demonstrated: i.e" reading 
problems may lead to poor short-term memory performance. Also, explanations of 
working memory deficits have been unable to account for the equivalent performance 
of dyslexics and non-dyslexics on measures of short-term recall that do not require the 
processing of verbal (or auditory) information, nor can they account for the fact that 
not all poor readers/spellers perform poorly on measures of auditory (digit) span (see 
Everatt, McNamara et al 1999; Gathercole & Pickering 2001). It has been argued that 
phonological short-term memory is specifically impaired in dyslexics and that this 
leads to deficits in processing new language information, such as learning new letter 
strings or a new vocabulary (Gathercole & Baddeley 1989: Gathercole, Willis & 
Baddeley 1991). However, phonological short-term memory problems have been 
almost indistinguishable from the general phonological deficit viewpoint. 
There has been considerable research conducted investigating working memory 
applications such as using working memory capacity in order to understand 
intelligence, autism, ADHD and create artificial intelligence (Conway, Kane & Engle 
2003; Conway, Karpicke & Pisoni 2007: Constantinidis & Procyk 2004; Hill 2004: 
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Levy & Swanson 2001; Vogel et al 2005). Pennington et al (1991) and Shaywitz 
(1998) stated that pre-school dyslexic children often suffer memory difficulties such 
as problems remembering colours or number names, the names of days of the \\ eek. 
the months of the year and other verbal sequences. If a common link between 
learning difficulties and working memory deficits can be found, then the underlying 
difficulty within the working memory in either processing or storage could be targeted 
in remediation programmes. Interventions using mnemonic strategies have been 
shown to improve working memory functions in individuals with learning difficulties. 
potentially leading to enhanced learning skills and increased chances of educational 
success (McLoughlin et al 1994; Hulme & Mackenzie 1992). 
Pickering & Gathercole (2001) found that, on average. dyslexic children show lower 
reverse digit span scores. Lacroix et al (2005) evaluated the possibility that dyslexics 
require more working memory resources than normal readers to shift from stimulus to 
stimulus. Normal and dyslexic adolescents participated in a rapid serial visual 
presentation experiment (Raymond, Shapiro & Arnell 1992). Results showed that 
dyslexics produced a longer attentional blink than normal controls. This may explain 
the larger levels of interference amongst dyslexic children (see Everatt, Warner, Miles 
& Thomson 1997). Smith-Spark, Fisk, Fawcett & Nicolson (2003) investigated the 
central executive processes of adult dyslexics. Results indicated that adult dyslexics 
may have a central executive difficulty as their deficits were in the complex active 
spatial task condition in which no verbal recoding was likely, which seemed to 
preclude the cause being a phonological loop deficit. These findings suggest some 
evidence of central executive dysfunctions amongst dyslexics. However. difficulties 
apparent in isolating attention, memory and executive functions (Morris 1996) may 
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lead to inappropriate conclusions about the area of dysfunction and some central 
executive tasks consist of both verbal and non-verbal factors, which may obscure 
differences between special educational needs groups (Jarvis & Gathercole 2003). 
This issue has also been examined by Swanson (1999) in which learning disabled 
children with reading difficulties had poor reading comprehension which was 
attributed mainly to domain-general executive processing deficits (not specific to 
reading). A more recent study by Swanson & Sachse-Lee (2001) corroborated 
Swanson's (1999) conclusion. However. as they concede. there would need to be no 
correlation between measures of verbal or visual-spatial tasks for the general 
executive processing argument to be convincing. 
Berninger et al (2006) stated that recent theoretical advances in working memory 
guided analyses of cognitive measures in children with dyslexia and their 200 affected 
biological parents in families with a multigenerational history of dyslexia. Both 
children and adults were severely impaired, on average, in three working memory 
components; phonological word-form storage, time-sensitive phonological loop, and 
executive functions involving phonology. Structural equation modelling showed that, 
for children, first-order factors from the phonological, orthographic, and/or 
morphological word forms uniquely predicted eleven reading and writing outcomes 
but, for adults, a second-order factor (reflecting inter-relationships among the three 
first-order word-form factors) was more likely to be significant in predicting the same 
reading and writing outcomes. Structural equation modelling of the three working 
memory component factors showed that the most consistent predictor of text-level 
reading and writing for both children and adults was the second-order word-form 
factor. Phonological loop and executive support could be modelled as separate 
factors in children but only as combined factors in adults. For both children and 
adults, individual differences occurred as to which ofthe three working memory 
components or three word forms fell outside the normal range. 
It is worth noting that the term "working memory" is different from the concept 
"short-term memory". An example of the stages of memory might be someone going 
to the library. If that person wishes to gain knowledge from the library, he or she first 
has to enter through the outer door and vestibule (working memory). Once through 
the inner door, the person can then access the "new" information (short-term memory) 
and "'old" information (long-term memory) stored in books and magazines filed on the 
shelves. In this case, working memory has been called the "'door to learning" and has 
been considered strongly related to performance in reading comprehension and 
problem-solving. Those with better working memories are able to acquire all kinds of 
new information. They are able to retain new information, work with it, integrate it 
with lots of known information, and then move it into storage. Those with a weak 
working memory may grasp only part of newly presented information, struggle to 
remember it, and then experience difficulty with its integration and storage because 
their existing information is already sketchy. They may struggle to follow verbal or 
written directions, process visual or auditory information, organize thoughts for 
speaking or writing, and learn multi-step procedures. Parents, teachers, peers, or co-
workers may consider them lazy or unmotivated; they may feel inadequate and/or 
incompetent as they struggle to "'keep up," remember, and complete assigned tasks in 
school, at home, or in the workplace. Fortkamp (1999) argues that working memory 
refers to the cognitive system responsible for temporary maintenance and processing 
of information. This information is retrieved from long-term memory when 
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performing a complex cognitive task. Working memory, therefore. refers to the 
brain's limited capacity to retain and manipulate information immediately after 
presentation. 
However, the confusion between working memory and short-term memory may be 
because working memory problems typically are diagnosed with tests of immediate 
memory. An example of one such measure assessors use involves a person being 
assessed while reading a series of sentences or listening to those sentences being read 
to them. Typically between two to six sentences are used and the individual being 
assessed is required to state the last word of each sentence in the correct order. 
However, a working memory assessment would include the requirement to 
manipulate the retained information in some way (repeat items in reverse order) or to 
perform some type of sentence processing (say whether the sentence is sensible or 
not) during retention. The number of correct last-word responses is measured against 
a standard score that is determined to be average, below average. or above average 
when compared to same-age peers. Therefore, working memory measures involve a 
process of short-term storage but also the need to work with information at the same 
time as retaining. This combination of processes should tax both the central executive 
and the storage systems of working memory. Such measures are included in the 
research studies reported in the following chapters as well as measures that focus 
more specifically on the processing of one of the storage systems in order to 
determine the involvement of the central executive over-and-above the storage 
system. 
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Additionally. Baddeley (1992) proposed two different approaches to understand 
working memory. One of these is the dual-task neuropsychological approach. This 
approach includes using two processes or tasks at the same time; i.e .. remembering a 
list of digits while reasoning. The aim is to determine what interferes with workino 
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memory to make conclusions about working memory processes or working memory 
involvement. If interference is observed, the dual task must involve working memory 
processes. The second approach is the psychometric correlational approach and is the 
focus of the research reported in the following chapters. This involves determining 
correlations between working memory measures and other tasks. Large correlations 
between the task and the working memory measure are inferred as indicating working 
memory involvement in the task. The task of focus in the present work is reading 
comprehension. 
However, there are alternatives to the above view of working memory. Ericsson & 
Kintsch (1995) related working memory to digit span, or the ability of most adults to 
recall and repeat up to seven digits. In their model, working memory is the process of 
packing small chunks of information and then unpacking and linking them through 
retrieval. Since only a small number of chunks (about seven) can be packed in 
working memory, we are constantly moving chunks into short and long-term memory 
and then associating them through retrieval structures. Cowan (2005) proposed an 
alternative model for working memory, arguing that it is a part of long term-memory 
and not a separate system. In his modeL working memory sub-systems (visual, 
auditory. spatial) are represented in long-term memory. There are two levels of 
working memory: (i) unlimited long-term and (ii) a limited memory retaining up to 
four activations at a time. Although the models vary in their explanations. it is agreed 
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that the capacity of working memory is limited. We are able temporarily to store a 
certain number of "chunks" of information (digits, letters, words, or other units), 
depending on our age and the length of the "chunks". According to research, a typical 
adult memory span (or working memory capacity) is about seven for digits. about six 
for letters, and about five for words, although we have enhanced memory span for 
chunks of information related to content we already know and memory span seems to 
grow with age: the memory span of a child is less than an adult. 
Fuster (1997) argues that the term "working memory" was first coined in the 1960s. 
This was included in those theories that compare the human brain with a computer. 
Before the introduction of this term, many other terms used to describe "working 
memory" such as primary memory, immediate memory, operant memory and 
provisional memory. Helland & Asbjorsen (2004) state that there are numerous 
models concerning how working memory functions. The best-known model was that 
proposed by Baddeley & Hitch (1974). The primary distinctive features of this model 
are the hypothesized slave systems, which are responsible for storing information and 
whose functions are co-ordinated by the central executive. A second feature is the 
division of functions based on stimulus type. For example. one slave system, the 
phonological loop, stores phonological information and prevents it from decay by 
articulating its contents; i.e., rehearsal maintains information in working memory. 
Visual information, on the other hand, is stored in the vi suo-spatial sketch-pad. In 
this slave system, visual images can be generated and manipulated. It is worth noting 
that the sketch-pad is a double system which contains two mental devices: the visual 
system which manipulates shapes, colours, etc and the spatial location sub-system. 
The modality/stimulus type does not confine the central executive. D'Amico & 
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Guarnera (2005) argue that slave systems are more specialized, whereas the central 
executive works with verbal, phonological and visuo-spatial information. Alternative 
models do not divide working memory in this way. For example. Cowan (1995, 
2005) considers working memory part of long-term memory, the primary function 
being to focus on information within long-term memory. Again, working memory is 
given an attentional focus role, though in a different way to that hypothesized by 
Baddeley. Oberauer (2002) modified the Cowan (1995) model: whilst agreeing to the 
attentional focus, Oberauer added two layers of focus: individual and multiple. In 
contrast, models such as that of Ericsson & Kintsch (1995) focus on the storage 
features of working memory: packing and unpacking "chunks" of information. This 
can be used in comprehending information. as well as storing meaning and larger 
amounts of information. This model emphasizes the memory capacity aspects of 
working memory. However. consistent with the more attentional focus viewpoints, 
working memory is considered to playa vital role in comprehending linguistic 
material. Most viewpoints of working memory discuss its storage features and its role 
in understanding. This may be via supporting storage processes or focusing attention 
on relevant information. 
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Summary 
The primary aim of the present research was to investigate whether there is a 
relationship between working memory executive processes and Arabic literacy skills. 
The introduction above indicated that Arabic presents the interesting feature of a 
regular (vowelized) orthography in early learning, but a more opaque (non-vowelized) 
orthography in texts experienced by older readers. Early learning, therefore. may be 
influenced greatly by phonological processing - an influence reported consistently in 
available studies of Arabic literacy. However. the move to non-vowelized text may 
require additional processes/strategies - such as those identified as important for 
supporting processing via context. Working memory executive processes seem a 
plausible candidate to support these processes given the theoretical viewpoints 
reviewed in the literature above. Hence, Arabic literacy may start with a primary 
influence of phonology, but move to an increasing influence of working memory 
through its role in supporting processing via context. This influence, therefore, would 
be best determined via measures of connected text and the understanding of that text 
(i.e., reading comprehension). which is consistent with the studies reported in the 
literature above. Hence, the focus of the current work will be on reading 
comprehension measures, particularly as a dependent variable in regression analyses. 
The review of the working memory literature indicates that several roles have been 
proposed for this system. These include basic retention of phonological material via 
the phonological loop. Hence. to determine any role of the executive system. both 
phonological skills related to literacy and those related to phonological retention need 
to be controlled to ensure that working memory executive measures are involved in 
reading comprehension over-and-above these more basic retention/phonological 
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skills. In addition, the executive system has been argued to have potentially different 
theorized roles: the manipulation of material may be assessed by reverse digit span, 
retention of information while processing further information may be assessed by 
listening span, and the selective attention role of the executive system may be 
assessed by interference measures. Each area of functioning may need to be assessed 
in the work to determine the influence of working memory executive processing on 
Arabic literacy. 
A final aim of the work was to inform both theory and practice. Hence. data will be 
collected on children with LD and compared against children without an LD. This 
will be undertaken to determine ifthe working memory measures investigated in the 
work reported in this thesis can support the identification of Arabic children with LD. 
The findings then will inform theoretical views about working memory and its 
potential role in literacy processing, as well as procedures for the identification of 
children who may be struggling with literacy acquisition due to an underlying 
learning disability. 
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Study 1: 
Introduction 
Chapter 3 
Arabic Literacy Comprehension, Phonological Processing and 
Working Memory in Mainstream Children Grades 3 to 6 
The working memory model first proposed by Baddeley & Hitch (1974) included 
three independent components: the visuo-spatial sketch-pad, the phonological loop 
(which is considered to comprise two slave sub-systems) and the central executive. 
Both the visuo-spatial sketch-pad and the phonological loop playa pivotal role in 
rehearsal and information storage. The visuo-spatial sketch-pad stores both visual and 
spatial information (Destefano & LeFevre 2004), whereas the phonological loop 
maintains speech-based information (Logie & Baddeley 1987). Bull et al (1999) 
suggests that when the capabilities of the phonological loop are taxed in verbal recall 
tasks, working memory is reduced. The third system. the central executive, is the core 
system for controlling working memory and is responsible for planning and 
sequencing activities involved when carrying out mental arithmetic (Bull & Johnston 
1997). A complex cognitive task like mental arithmetic or linguistic comprehension 
requires the central executive to perform high order functions such as switching 
between different strategies or retrieval plans, inhibiting irrelevant information and 
temporarily activating information stored in long-term memory (Baddeley 1996; 
Miyake et al 2001). Any deficits occurring in the phonological loop or the central 
executive will have a direct impact on working memory abilities. For example, 
failure in the phonological loop to allow sub-vocal rehearsal will result in memory 
traces decaying: a malfunctioning central executive could create problems when 
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switching strategies are required in dual-task procedures (as would be the case in poor 
inhibition of irrelevant infonnation, or selection, in children with poor working 
memories). Both of these may impact on reading comprehension and in this initial 
Study, evidence for this potential impact on Arabic reading comprehension is 
considered. 
In Study 1, the potential involvement of working memory in Arabic reading 
comprehension is contrasted with that of phonological processes. As indicated in the 
general introduction, phonological processing measures have been the focus of much 
of the work investigating predictors of Arabic literacy. Therefore, to investigate any 
additional role of working memory, it is necessary to contrast these two areas of 
functioning. Grades 3 to 6 were targeted; by grade 3, a child would be expected to 
have acquired skills appropriate to comprehend Arabic text; by grade 6, a Kuwaiti 
child would have completed elementary education and would be in their first year of 
intermediate school leading to higher school. Therefore, this period should be the one 
in which comprehension skills are developing to adult levels. This period should 
cover that in which an Arabic child experiences non-vowelized text and develops 
skills to support word decoding via context. 
Study 1 comprised a question-based comprehension measure consistent with that used 
in a large body of reading comprehension research and therefore allowed contrasts 
with previous work in the field. Scores on this task compared performance on word-
level reading accuracy and speed, non-word reading, phonological awareness, rapid 
naming, non-word repetition, listening span and digit span. 
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Non-word repetition, listening span and digit span tasks were used to assess the 
involvement of working memory functions in Arabic reading comprehension and 
were chosen to differ in terms of the need to use central executive resources and their 
relationship to reading skills. In the non-word repetition task, the use of non-words 
means that such a task should be relatively free from word lexical effects, but will 
involve phonological processes, particularly those associated with the phonological 
loop of the working memory system. The listening span task required individuals to 
memorize increasing lengths of verbal items while processing additional information 
(i.e., comprehend spoken sentences and make judgments about their sense) at the 
same time. This task, therefore, should require central executive processes in addition 
to the phonological loop. The digit span task required the ability to retain verbal 
information whilst manipulating it and so should involve the phonological loop and 
central executive. However, unlike the listening span task, this task is completely 
divorced from comprehension and should indicate whether relationships are specific 
to processes related to comprehension or are general to the working memory system. 
In addition to working memory measures, Study 1 included measures of individual 
word processing and phonological skills. A sound deletion task was used to 
determine the ability to recognize sounds within words, referred to as phonological 
awareness in this thesis. Rapid automatic naming was used to assess the ability to 
access a phonological label fluently, which should give an indication of speed of 
processing, as well as assessing the ability to access information from a word lexicon. 
The non-word reading task, together with reading accuracy and speed. provided a 
range of measures of basic literacy skills. Non-word reading \\as included as it 
requires the ability to translate letter strings into an appropriate pronunciation (i.e .. 
73 
word decoding skills), which can be considered both a basic literacy skill and as 
indicative of phonological translation processes since the use of unfamiliar letter 
strings requires accurate pronunciation to be based on units smaller than the whole 
word. The non-word reading task, sound deletion task and rapid naming task 
therefore provide a range of measures of phonological processing skills involved in 
literacy skills. 
The overall aim of the work was to determine the potential influence of working 
memory, particularly executive processes, on Arabic reading skill (primarily the skill 
of comprehending text). In this initial study, the primary hypothesis tested, therefore. 
was that there would be a relationship between Arabic reading comprehension and 
measures of executive working memory (listening and reverse digit span). Given the 
probable influence of phonological processing on literacy levels in Arabic. such 
potential working memory influences need to be contrasted against relationships 
between literacy and phonology. Therefore, a second hypothesis in Study 1 was that 
the relationship between working memory and literacy would be independent of the 
relationship between literacy and phonological processing; i.e., once phonological 
measures (awareness, rapid naming and retention) were controlled, working memory 
measures should still explain variability in Arabic reading comprehension. 
Additionally, the research aimed to assess if the relationship between working 
memory and Arabic literacy reflected the processes of the central executive. Hence. 
controlling for phonological skills can support a third hypothesis that the relationship 
between literacy and executive measures (listening span and/or reverse digit span) 
should not be due purely to the influence of the phonological loop, as assessed by the 
non-word repetition measure. A final aim of the research was to determine if the 
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influence of working memory would be greater amongst older, more experienced 
readers. Hence, a fourth hypothesis was that the influence of executive functioning 
would be larger amongst the older children tested in the research (grades 5 and 6. 
since these children will be reading mainly non-vowelized text) than the cohort as a 
whole. 
Method 
Sample 
The sample for this Study comprised children drawn from grades 3 to 6 of Kuwaiti 
mainstream government schools. Participants attended a range of Kuwaiti schools 
that followed the government's educational curriculum and were tested either at 
school or in a familiar setting by trained same-sex researchers who \\ ere working in 
the schools where testing took place or who were acquainted with the children. 
Permission for participation was obtained from the children's guardians (parents or 
teachers). Selection procedures ensured that none of the children from whom the 
present data set were obtained had reported evidence of difficulties with literacy 
learning and that all were first language Arabic speakers; this information was 
obtained from teachers or parents and the children themselves prior to testing. These 
selection criteria produced a sample of 112 children in totaL of whom half were 
female and half male. Twenty-eight children from each grade were targeted and 
assessed on all the measures used in the study. Those children who did not complete 
all of the measures for reasons unconnected to the present work (e.g .. illness or 
missing school) were also excluded from the current analyses. 
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Measures 
All tasks for each measure were explained, with examples, to the children prior to the 
test items being given so that they understood what was required of them in each test. 
Measures were based on pilot work and previous research in the literature deriyed 
from work on Arabic as well as other languages, primarily English. Items and 
instructions were presented in standard written Arabic and in a verbal form 
understood by the children tested (testers who were familiar to the children were used 
for this purpose and practice items were used throughout to ensure understanding). 
Tests were conducted in a quiet room free from distractions. 
Reading Comprehension 
In order to measure Arabic text comprehension, participants were presented with a 
series of passages comprising Arabic text sufficiently vowelized to avoid any 
ambiguity. The comprehension task involved a series of five passages of increasing 
length and grade leveL which the children were required silently to read. Each 
passage was presented on one page; by turning the page the child was required to 
answer a series of multiple choice questions concerning the passage just read, without 
re-reading. A total of 30 questions were answered across the five passages. No time 
limit was imposed for reading and answering questions. This task is similar to most 
reading comprehension measures in the literature and is referred to as the 
comprehension questions test in this thesis. 
Word Reading Accuracy and Speed 
Subjects were given a 100 word passage and asked to read it aloud at their normal 
speed. They were told that they would be assessed for accuracy and speed. The 
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assessor recorded any reading errors and noted reading speed. These measures were 
included in the current analyses to determine word-level readinCJ skills while readina C t:: 
words in context. The passage, having been piloted in previous work, had been found 
to be an appropriate ability level for the current grades tested. 
Non- Word Reading 
The task comprised 25 non-meaningful Arabic letter strings that followed Arabic 
word-level rules so that appropriate pronunciation could be formed. Most non-words 
or, as they are sometimes referred to, pseudo words, were derived from real words, 
but with letters exchanged or re-arranged. Each non-word was presented to each 
child, who was required to read the item aloud. Examples of these non-words are: 
y:.t~/~/ e;i..,,\ or Aast / Sabaf / Yalkaa. The number of items correctly pronounced, 
based on Arabic letter-sound conversion rules, was noted and used as the measure for 
this test. 
Sound Deletion 
This task was used as a measure of the ability to recognize sounds within words; i.e., 
to assess phonological awareness skills. Subjects were asked to pronounce an Arabic 
word minus one of its basic sounds (an English example would be to "Say 'cat' 
without the 'K' sound"). Although most of these sounds would be considered at the 
level of the phoneme, Arabic pronunciation often links consonant and vowel sounds 
such that some sounds have a vowel automatically incorporated. Because of this, the 
first two items of each group often allowed a consonant-vowel combination to be 
used. The task comprised 30 items; ten requiring the first sound in the word to be 
deleted, ten requiring the middle sound to be deleted, and ten requiring the final sound 
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to be deleted. The task began with the assessor stating the word, and then asking the 
child to say the word (the word is repeated at this point) without the target sound. The 
number of items correctly pronounced (out of a total of 30) was noted and used as the 
measure for this task. 
Rapid Naming 
A rapid automatic naming task, based on those used by Denckla & Rudel (1976): 
Wolf, Bally & Morris (1986) and Cronin & Carver (1998), was used to assess the 
ability fluently to access a phonological label. Ten different drawings were presented 
prior to speeded testing to ensure that the child could name each item. The local 
Arabic name was used if any inconsistency in naming was detected. In this task, a 
child was given a page on which 30 line drawings of familiar items were presented 
(three repetitions often different drawings). Participants were asked to name these 
items in Arabic, as quickly as possible and to avoid naming errors. The time from 
naming the first item to the last was recorded. Any non-corrected errors incurred a 
one second penalty. The total time (plus the error penalty) was used as the measure 
for this task. 
Non- Word Repetition 
Non-word repetition was used as a measure of phonological working memory because 
it is considered to be relatively free from word lexical effects, but does involve 
phonological processes. The task comprised 25 pronounceable non-words that were 
not meaningful in the Arabic language. The assessor verbally presented each non-
word for the subject to repeat. The task began with non-words of one syllable 
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increasing to words of seven syllables, with the number correctly repeated being used 
as the measure for this task. 
Listening Span 
A listening span task was used as a measure of working memory because it involves 
the central executive. The assessor spoke a sentence in Arabic to the child who 
determined whether or not the sentence made sense (e.g., "ice is hoC should lead to a 
"no" response or "scissors are used to cut paper" should lead to a "yes" response). 
After each sentence, or set of sentences, the child was asked to repeat the last word of 
each sentence in the order of presentation (a nod from the assessor indicated when this 
second part of the task was required). The test began with a nod after each sentence, 
i.e., one word recall. After six sentences, the number in each set increased by one. 
requiring the child to repeat two last words over the next six items. After these, the 
sentences again increased by one, requiring three last words to be recalled. This 
procedure continued until the child failed to recall all six items in a block, with the 
score being the number of items correctly performed. This is similar to many other 
short-term recall tasks, by requiring individuals to remember increasing lengths of 
verbal items whilst also processing information at the same time. This is considered 
to involve central executive processes in addition to the phonological loop. 
Reverse Digit Span 
This task was based on the procedures used in assessments, such as the Weschler 
Intelligence scale for Children (WISC, Wechsler 1992), which has been translated 
into Arabic. Each child was verbally presented with a sequence of digits and required 
to repeat the sequence in reverse order. Sequences began with 1\\0 digits and 
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increased by one digit every two items up to a total of seven digits. A total of 14-
sequences were used in the test with the number correctly repeated being used as the 
measure for this task. This task was used as it requires the ability to retain verbal 
information whilst manipulating it and so involves the phonological loop and the 
central executive. 
Results and Discussion 
The results were initially analysed comparing the four grades. The mean scores, with 
standard deviations, for these school grades on each ofthe measures are presented in 
Table 3.1. These indicated a trend for children in the early grades to achieve lower 
scores than those in later grades, though not all of the comparisons were significantly 
different (see Table 3.1). 
Pearson correlation coefficients were calculated to determine the relationship between 
the comprehension scales and the other measures in the Study. These are presented in 
Table 3.2, together with partial correlations controlling for sex and grade of child. 
The two correlations generally showed similar results, though the partial correlations 
were somewhat smaller than the first-order correlations. The word-level measures 
(reading accuracy and rate. together with non-word reading) were highly related, as 
were the phonological measures, particularly the phonological decoding and 
awareness measures, though less so with the rapid naming measure. The working 
memory measures were less inter-related, though the listening span measure was 
related to both of the other two measures. Reverse digit span and non-\\ord repetition 
were only marginally related. The primary relationships of interest were those with 
the comprehension measure. All measures were correlated with reading 
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comprehension and all but the partial correlation with the reverse digit span measure 
were significant at p=.05 or better. Therefore. further analyses considered 
relationships within each grade and regression analyses comparing the predictive 
ability of the measures against each other. 
Correlations between reading comprehension and the other measures in the Study can 
be found in Table 3.3. These indicated good relationship levels between 
comprehension and word-level reading for all grades, and this seems to correspond to 
good phonological skills across most grades, although this may be less clear with 
older grades: at grade 5, the relationship with non-word reading had dropped to below 
r=0.4, and for grades 5 and 6, the relationships with the sound deletion task had 
dropped to around r=0.4. Although these results cannot be considered conclusive. 
they do suggest a slightly reduced role for phonological awareness/decoding in 
reading comprehension with grade level or reading experience. This is in contrast to 
the relationship between comprehension and the listening span task, which seems to 
grow across the same period. This may suggest a changing sophistication in the 
processes involved in reading comprehension. For early grades, reading 
comprehension can be accomplished via basic word-level and phonological processes. 
For older grades, working memory processes may be needed to deal with more 
complex text. It is interesting that the listening span task most clearly shows the 
increased relationship over grades, rather than the non-word repetition task. although 
this task does show some level of increased relationship from grade 3 to grade 4. 
possibly due to the need to start involving working memory processes by grade 4. In 
contrast, the reverse digit span task does not show this pattern of relationships. 
although it is somewhat related to comprehension in the two youngest grades tested. 
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This may be consistent with arguments in the literature that digit span measures may 
not be sensitive to working memory processes involved in reading comprehension. 
Regression analyses were conducted to investigate the level of prediction provided by 
the measures of working memory and phonological processing. In these analyses. the 
sex and grade of the child were entered first, working memory and phonological 
processing measures entered in the following two steps and their order of entry 
reversed in a second analysis (see Table 3.4). These findings suggest that for the 
cohort as a whole, phonological measures predict more variability in the reading 
comprehension measures than working memory measures. However, working 
memory measures predict unique variability, and this increases and somewhat 
overtakes phonological measures when the analyses focus on the older two grades 
(see Table 3.5), again consistent with older children demonstrating a greater influence 
of working memory processes on comprehension. 
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Table 3.1 
Mean scores (with standard deviations in brackets) for the 4 grade levels on each of 
the measures 
Group 3 Group 4 Group 5 Group 6 Anova and 
n=28 n=28 n=28 n=28 post-hoc 
Comprehension 15.14 18.00 19.75 23.04 F(3,108) =8.61. 
questions (6.28) (6.57) (6.39) (4.32) p<.OOI 
3<5.4&5<6 
Reading 11.07 8.86 6.46 5.43 F(3.108) =2.85. 
accuracy (11.43) (7.23) (7.19) (4.04) p=.041 
(errors) 3<5&6 
Reading speed 188.25 166.68 112.61 73.21 F(3.]08) =5.49, 
(time) (196.68) (114.75) (47.76) (36.26) p=.002 
3<5&6,4<6 
Non-word 18.64 20.89 21.68 22.21 F(3,]08) =3.85. 
reading (6.23) (4.25) (2.76) (2.74) p=.012 
3<4&5&6 
Sound deletion 20.00 22.64 25.00 25.50 F(3,]08) =5.40, 
(6.85) (6.14) (4.18) (5.45) p=002 
3<5&6 
Rapid naming 31.07 30.00 28.04 27.32 F(3,108) =1.96, 
(speed) (9.20) (6.11) (5.36) (4.59) p=.125 
3<6 
Non-word 22.25 23.11 23.61 23.50 F(3.l08) =2.27. 
repetition (2.50) (2.02) (2.02) (2.06) p=.084 
3<5&6 
Listening 14.61 15.50 15.64 16.25 F(3,]08) =0.99, 
span (3.62) (3.73) (4.08) (2.90) p=.400 
Reverse digit 7.57 8.25 8.82 9.39 F(3.108) =2.50. 
span (2.52) (1.97) (3.22) (2.59) p=.064 
3<6 
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Table 3.2 
Correlations (top-right corner) and partial correlations (controlling for grade and sex) 
for the measures in the study 
Measures Read Read Read NW Sound Rapid NW List 
comp errors speed read del nam rep span 
Reading 
-.645 -.628 .580 .623 -0463 0414 .366 
comprehension 
Reading errors 
-.608 .664 -.778 -.684 0475 -0452 -.382 
Reading 
-.587 .693 -.710 -.669 .550 -.115 -.164 
speed 
Non-word 
.523 -.749 -.745 .761 -0478 .374 .308 
reading 
Sound 
.559 -.637 -.704 .721 -0486 0456 .526 
deletion 
Rapid 
-All 0423 .564 -0423 -0424 -.309 -.316 
nammg 
Non-word 
.375 -.377 -.153 .270 .345 -.223 .512 
repetition 
Listening 
.333 -.309 -.213 .215 0459 -.249 .375 
span 
Reverse digit 
.142 -.297 -.196 .267 .373 -.030 .210 0444 
span 
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Rev 
span 
.247 
-.376 
-.219 
.357 
0463 
-.122 
.337 
.511 
Table 3.3 
Correlations between the reading comprehension measure and the other measures in 
the Study for each grade 
Grade 3 Grade 4 
comprehension comprehension 
Reading -.506** -.732** 
accuracy 
Reading -.713 ** -.572** 
speed 
Non-word .549** .650** 
reading 
Sound .713** .664** 
deletion 
Rapid -.594 ** -.502** 
naming 
Non-word .186 .496** 
repetition 
Listening .204 .285 
span 
Reverse .295 .377* 
span 
*correlation significant at p=.05 
**correlation significant at p=.OI 
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Grade 5 Grade 6 
comprehension comprehension 
-.688** -.746** 
-.597** -.574** 
.381 * .610** 
.384* 0407* 
-.274 -.087 
.545** .277 
.459 * 0410' 
-.029 .068 
Table 3.4 
Results of a regression analysis to investigate predictors of reading comprehension 
Variables R2 R2change Sig R2 change Final Beta 
1 Sex and grade .195 .195 F(2,109)=13.2, S=.165 
p<.OOI G=.221 
(i) 
2 Working memory .344 .148 F(3,lllhl=7.98, NRp=.181 
measures p<.OOI LS=.112 
RS = -.104 
3 Phonological .526 . 183 F(3.lo3)=13.3 . NRd = .226 
measures p<.OOI SD = .257 
RN = -.127 
(ii) 
2 Phonological .492 .296 F(3.l06)=20.6, 
measures p<.OOI 
3 Working memory .526 .035 F(3,lo3)-2.51, 
measures p=.063 
Key: S Sex of child 
G Grade 
NRp Non-word repetition 
LS Listening span 
RS Reverse digit span 
NRd Non-word reading 
SD Sound deletion 
RN Rapid naming 
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Table 3.5. 
Results of a regression analysis to investigate predictors of reading comprehension in 
grades 5 and 6 
Variables R2 R2change Sig R2 change Final Beta 
1 Sex and grade .169 .169 F(:~,53 )=5.37. S=.027 
p<.OOI G=.274 
(i) 
2 Working memory .447 . 279 F(3.50)=8.41 . NRp=.222 
measures p=.008 LS=.442 
RS = -.446 
3 Phonological .504 .056 F(3,47)= 1.78, NRd = .215 
measures p=.164 SO = .136 
RN = -.035 
(ii) 
2 Phonological .320 .152 F(3,50)=3.72, 
measures p=.017 
3 Working memory .504 .183 F(3.47)=5.79, 
measures p=.002 
Key: S Sex of child 
G Grade 
NRp Non-word repetition 
LS Listening span 
RS Reverse digit span 
NRd Non-word reading 
SO Sound deletion 
RN Rapid naming 
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Conclusions 
Study 1 indicated that there was an influence of working memory central executive 
processing on Arabic reading comprehension, and that this relationship was not 
explained by phonological processes (including measures of phonological awareness. 
fluent access of a verbal lexicon and phonological loop ) when older Arabic children 
(grades 5 and 6) were considered. Overall, these data argue that Arabic reading 
comprehension can be explained primarily by the influence of phonological 
processing when younger readers, who have mainly experienced the more regular 
vowelized form ofthe Arabic orthography, were considered. However, amongst older 
readers, who are reading mainly non-vowelized Arabic text, phonological processing 
may need to be supplemented by working memory executive processes for successful 
skilled reading comprehension. These literacy-related executive processes will be 
further investigated in Study 2. 
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Study 2: 
Introduction 
Chapter 4 
Memory and Attention as Predictors of Literacy Abilit), Amongst 
Arabic Mainstream Children Grades 1 to 9 
According to Baddeley (1996), the tripartite working memory model is considered to 
comprise the central executive, which controls the encoding and retrieval of stimuli 
input and monitors attention changes. The central executive is also responsible for 
controlling and manipulating information stored in two sub-systems: the phonological 
loop for sound-based input and a visuo-spatial sketch-pad for visual and spatial input. 
Active components were later identified within these storage systems: the articulatory 
loop and inner scribe, respectively (Baddeley & Logie 1999). A further recent 
addition to the working memory model has been the incorporation of the episodic 
buffer (Baddeley 2000), a temporary and limited storage facility which integrates the 
long-term memory with the working memory slave systems, leaving the central 
executive system to be used as an attentional system in working memory and other 
executive processes (Baddeley 2001). Its potential role as an attentional system may 
also explain the associations between central executive difficulties and Attention 
Deficit Hyperactivity Disorder (ADHD) found in the literature (Olesen et al 2004; 
Roodenrys et al 2001). Klingberg et al (2002) argue that those with ADHD can 
improve their working memory through training. Therefore, to further investigate the 
role of working memory processes on Arabic reading comprehension, the present 
Study incorporated measures of attentional processing. 
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In addition to measures of reading comprehension, and consistent with the literature 
outlined in the introduction, this Study included two measures of attentional 
interference to assess a child's ability to ignore stimuli or inhibit processes not 
required for task completion. The first was the traditional Stroop task that has been 
used in many studies of word interference. The second was a counting interference 
task that used digit stimuli in contrast to the words used in the Stroop task, so 
allowing assessment of effects in word processing. 
Working memory measures were also included in Study 2. A listening span measure 
was included in order to replicate the findings from Study 1 and contrast the effects of 
this measure with those of the attentional interference tasks. In addition, a measure of 
sentence recall was incorporated requiring the child simply to repeat verbally 
presented connected text. This was to assess whether the relationship between the 
working memory task and the reading comprehension measure in Study 1 was simply 
due to both potentially involving memory for connected text; i.e., higher scores in the 
comprehension measure of Study 1 might be related to recalling text for the 
subsequent question stage. Finally, because the attentional measures involved visual 
presentation of stimuli, whereas the working memory measures investigated in Study 
1 were all verbally presented, this Study also incorporated a measure of visual 
memory to ensure that any unique effects of the attentional tasks over the listening 
span measure could not be ascribed to visual processes related to the working memory 
system. 
Two measures of reading comprehension were used in Study 2. The first included 
post-reading questioning, similar to the task used in Study 1. In addition. a measure 
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of comprehension that is concurrent with the act of comprehending was used. This 
required a child to read an incomplete sentence and complete it with an appropriate 
word selected from a list ofpossibilities. This Cloze procedure was time-limited in 
order to assess fluency and ensure a range of scores on the task: with unlimited time, 
ceiling effects might be expected. A rapid naming task was included to assess the 
influence of processing speed, particularly on the comprehension fluency measure. 
This measure also provided an assessment of fluent phonological access that was 
incorporated in Study 1. 
Therefore, Study 2 investigated further the relationship found in Study 1 between the 
listening span measure and Arabic reading comprehension by including additional 
measures that may help to explain this relationship. The main question was whether 
there would be a relationship between Arabic reading comprehension and selective 
attention (interference) measures - though secondary questions follow the 
identification of such a relationship: i.e., whether the attention relationship was larger 
than the listening span relationship, and whether one or both types of executive 
functioning explained unique variability in Arabic reading comprehension over-and-
above the other. Further questions assessed in Study 2 considered whether any 
relationships identified between literacy and executive measures were due to the 
influence of complex repetition (i.e., sentences compared to non-word as in Study I) 
or visual retention tasks. These further measures were included to better understand 
any relationships between literacy and executive functioning and to inform views 
regarding the source of the influence of executive processes on literacy. 
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Method 
Sample 
The sample for this Study comprised over 100 children drawn from grades 2 to 9 of 
Kuwaiti mainstream government schools. Participants attended a range of KU\\aiti 
schools which followed the governmenfs educational curriculum and were tested 
either at school or in a familiar setting by trained same-sex researchers who were 
either working in the schools where testing took place or who \vere acquainted with 
the children. Permission for participation was obtained from the children's guardians 
(parents or teachers). Selection procedures ensured that none of the children from 
whom the present data set were obtained had reported evidence of difficulties with 
literacy learning and that all were first language Arabic speakers. This information 
was obtained from teachers or parents and the children themselves prior to testing. 
These selection criteria produced a sample of 106 children of whom approximately 
halfwere female and half male and who were assessed on all the measures used in the 
Study. Those children who did not complete all of the measures for reasons 
unconnected to the present work (e.g., illness or missing school) were also excluded 
from the current analyses. The final sample on which analyses were performed 
comprised 16 grade 2 (eight female. eight male), 11 grade 3 (seven female, four 
male), 13 grade 4 (six female, seven male), 19 grade 5 (nine female. ten male). 12 
grade 6 (five female, seven male), 11 grade 7 (five female. six male). 15 grade 8 
(eight female, seven male) and nine grade 9 (two female, seven male) children. 
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Measures 
Measures were based on pilot work and previous research in the literature deri\ ed 
from work on Arabic as well as other languages, primarily English. Items and 
instructions were presented in standard written Arabic and in a verbal form 
understood by the children tested. Testers familiar to the children were used for this 
purpose and practice items were used throughout to ensure understanding. Tests \\ere 
individually administered to children in a quiet room free from distractions. All tasks 
were explained to the children, with examples, prior to the test items being given. 
Reading Comprehension 
To obtain a measure for Arabic text comprehension, participants were presented \\'ith 
two tasks, both involving Arabic text sufficiently vowelized to avoid ambiguity. The 
first comprehension task involved a series of five passages of increasing length and 
grade level, which the children were required to read silently to themselves. After 
each passage, the participant turned over the page on which the text \\as written (to 
prevent re-reading) and answered a series of multiple-choice questions about that 
passage. A total of 30 questions were answered across the five passages. No time 
limit was imposed for reading and answering questions. This task is similar to most 
reading comprehension measures in the literature and is referred to as the 
comprehension questions test in this thesis. 
The second text comprehension task comprised 50 incomplete sentences. Participants 
were required to complete each sentence with a correct word chosen from four 
alternatives (an English language equivalent would be "\\e tell the time with a ... pen 
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- picture - clock - book" with the correct answer being ·'c1ock·'). An Arabic example 
IS: 
... 1\ _1h..J .~..r (.~ ~ .................... -
(The ... examines and cures patients. - doctor - farmer - knight - policeman) 
The children were given 180 seconds to indicate the completion word (usually b) 
circling or underl ining their choice) for as many sentences as possible, with the 
correct number giving an indication of speeded comprehension. This task is referred 
to as the comprehension fluency measure. 
Spatial Memory 
Prior to testing, the task was explained to the child and two practice items were 
completed. This test used a sheet of A4 paper on which were drawn an array of nine 
black circles with the page being placed between a child and the assessor so that both 
could see the circles. The assessor used a similar A4 sheet with identically placed 
circles numbered 1 to 9 to make the correct pointing movements and to help record 
responses: the child was not allowed to see the numbered version of the circles. In the 
task, the assessor pointed to a sequence of circles, and then removed their hand from 
the page. The child then was required to point at the same circles in the same order. 
In the test items, the sequences began with two pointing movements and increased by 
one after every three items up to maximum sequences of eight pointing movements. 
The test continued until a child failed all three items within a block or until the test 
was completed. The assessor recorded the participant's response and the total number 
of correct responses (out of a maximum of 21) was used as the score for this task. 
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Sentence Repetition Task 
In this task a child was presented verbally in Arabic with short sentences, some of 
which made sense whilst others did not (an English equivalent of a non-sensible 
sentence would be "pigs can fly"). The child's task was to repeat the sentence to the 
assessor in Arabic. The score for this task was the number of words in each sentence 
correctly repeated in the right order (e.g., if the child said "pigs fly can" the score 
would be 1). A total of 126 words were used in 36 sentences, so a score out of 126 
was used as the measure for this task. 
Listening Span 
This task involved a child indicating whether short sentences were true or false, then 
recalling the last word of each sentence presented in a sequence. The task was based 
on that used in the Working Memory Test Battery for Children (WMTB-C) (Pickering 
& Gathercole 2001), although the same type oflistening span task has been used 
extensively in the literature since Daneman & Carpenter (1980). Items were verbally 
presented to the child in Arabic and the child's responses were in Arabic. Practice 
was used to explain the task to the child: for example, the sentence "ice is hoC should 
meet with the response "false". The assessor then told the child that after one or more 
sentences, they would nod their head and that the child should say the last word in 
each sentence for which they had made a true/false decision since the last recall time. 
So, if "ice is hoC was the only sentence said since the last recall, the child should 
simply say ""hoC. The test started with just one sentence sequence but. as with most 
working memory related tasks, after several sequences (in this case six) the number of 
sentences increased by one to two sentences, then to three and so on, until the child 
failed to recall any of the six items of a particular sequence length or unti I the end of 
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the task. The child was told that a correct response in the recall part of the task was 
the last words of the sentences in the order of presentation, if there were more than 
one. The number of correct recall responses out of a maximum of 36 formed the 
measure for this task. 
Rapid Naming 
A rapid naming task determined the ability accurately to access a phonological entry 
in a word lexicon. This comprised a page on which an array of 24 blocks of colour 
was presented. The presentation order was randomized, with the exception that the 
same colour was not presented side-by-side to avoid immediate repetitions of the 
same response. The child was asked to name these colours in Arabic, as quickly as 
possible, and to try to avoid naming errors. Four colours (red, blue, green and yellow) 
were presented to the child to name prior to the speeded task to ensure that the child 
could name each colour correctly. The time taken to name the items was recorded. 
Any non-corrected errors incurred a one second penalty. The total time (plus the error 
penalty) was used as the measure for this task. 
Stroop Interference 
The second colour-naming task used was the colour-word interference task (first 
developed by Stroop in 1935). This used the time taken by the child to complete the 
rapid naming task as a baseline time for the current task in which the same four 
colours (red, blue, green and yellow) were used, but this time presented as the ink 
colour of typed colour-words. In each case, the written word was a colour 
incongruous to the colour response; e.g., the word red typed in green, yellow or blue 
ink: ~I ~i 
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All incongruous word-colour combinations were used and presented three times. 
making 24 items in total, as in the rapid naming task above. The size of the colour-
words was roughly equivalent to the area covered by the colour blocks in the rapid 
naming task, with the word "green" for example, covering the same width as the 
colour block and the height of the words being slightly less than the height of the 
colour block. As with the rapid naming task, the child was required to name the 
colour. but this time ignoring the word, as quickly as possible avoiding mistakes. 
Again, the children were timed and non-corrected errors incurred a one second time 
penalty. An interference score was calculated by subtracting the time taken to 
complete the baseline sheet from the time to complete the incongruous colour-word 
sheet. A higher score, therefore, indicated more interference from the incongruous 
colour-word. 
Counting Distraction Task 
This test comprised two tasks, which involved simply counting the number of Arabic 
letters in 18 lines. The child was first given a set of practice items and asked to count 
the number of black letters on each line and to report that total to the assessor. The 
assessor demonstrated the first practice line to the participant, giving the answer, then 
asked the child to count the second practice item themselves, followed by a third 
practice line which again the child did by themselves. The child was asked to 
complete a further 18 items like the practice items. as quickly as possible. as they 
would be timed. Once the child understood the procedure, the assessor presented the 
test items and started timing the child. Timing stopped when the child ans\\ ered the 
18th and final line. 
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This procedure was identical for the two tasks of 18 lines. The only difference 
between the two was the presence of red Arabic letters amongst the black letters in the 
first task and the presence of red digits amongst the black letters in the second task 
(Hindi digit symbols are used mainly in education in Kuwait and so these were used 
in the present Study). The children were asked to ignore the red items in the lines and 
to concentrate on counting the number of black letters. Levels of difficulty in 
counting and visual complexity were controlled across the two tasks. Distracter 
letters within a line were different from those to be counted (an English orthography 
equivalent might be a red letter "A" amongst black letters "D") and distracter digits 
were different from the number of black letters in the line, thereby producing 
incongruity between the name ofthe red digit and the correct counting response; c.g .. 
if there were six black letters, then there would be at least one red 5 or 7 in the line. 
The difference between the two counting tasks indicated the amount of interference 
produced by the incongruous digit name. Given that few errors were produced, the 
measure of interference was the time taken in the red digit condition minus the time 
taken in the red letter condition, so producing a level of interference measure, with 
higher scores indicating more interference. 
Results and Discussion 
The results were analysed after combining grades 2 and 3 (early elementary school 
level), grades 4 and 5 (late elementary school level). grades 6 and 7 (intermediary 
school level) and grades 8 and 9 (secondary school level). The mean scores for these 
school level groups on each of the measures have been presented in Table -1-.1. These 
indicated improved performance in all of the measures across the groups. c\.cept in 
the case of the interference measures, where there was evidence of a levelling off in 
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the higher school-level groups. Analyses of variance supported these observations, 
with significant differences being evident between each of the groups except for the 
two interference measures, where group 1 only (the early elementary group) differed 
from the other groups. 
Pearson correlation coefficients were calculated to determine the relationship between 
the comprehension scales and the other measures in the Study. These have been 
presented in Table 4.2. Overall, these results indicated that the two comprehension 
scales were reasonably correlated (r=0.6 to r=0.8) across the four school-level groups, 
suggesting that they were measuring a similar construct in the four groups. In 
addition, these data suggest that there was a tendency for the memory tasks to be 
related to reading comprehension in the older groups, but for the influence of 
interference to be minor or focused in the early grades group. Specifically, there was 
evidence for the spatial memory task to be related to comprehension (particularly 
fluency) in the two older groups, whereas sentence repetition and listening span were 
more likely to be related to comprehension (either or both measures) from late 
elementary school levels onwards. If these three measures are contrasted via 
regression analyses, after initially controlling for grade level, then listening span 
predicts significant variability after the sentence repetition and spatial tasks have been 
entered, in contrast to the latter two: sentence repetition F(l, 1 03)<1. beta<.O 1: spatial 
memory F(l,l02)=1.78, p=.185, beta=.07; working memory F(I,101)=7.44, p=.008. 
beta=.22. These findings suggest that, of the three memory measures. processes 
related to the working memory listening span task were the most likely to be 
predictors of comprehension levels across the cohort of children. 
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Rapid naming was also significantly related to comprehension from late elementary 
levels onwards, but the interference measures showed only one significant correlation 
with comprehension in the youngest group. These results suggest that these measures 
were not informative about reading comprehension levels in the youngest cohort of 
children (grade 2 and 3 children), but that rapid naming and verbal working memory 
skills were predictive of comprehension skills, particularly for grade 4 and above 
children. 
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Table 4.1 
Mean scores (with standard deviations in brackets) for the 4 school group levels on 
each of the measures 
Group 1 Group 2 Group 3 Group 4 Anova and 
Grades 2&3 Grades 4&5 Grades 6&7 Grades 8&9 post-hoc 
n=27 n=32 n=23 n=24 
Com prehension 12.78 19.78 25.96 28.54 F(3.102) =220. 
questions (1.93) (3.62) (1.66) (1.02) p<.OOI 
1<2<3<4 
Comprehension 12.04 21.16 28.30 35.08 F(3.102) =227. 
fluency (2.85) (2.69) (2.93) (4.65) p<.OOI 
1<2<3<4 
Spatial 7.96 9.72 12.04 13.17 F(3, 102) =51, 
memory (1.87) (1.40) (1.52) (1.86) p<.OOI 
1<2<3<4 
Sentence 19.70 36.91 57.78 93.00 F(3.102) =186, 
repetition (4.17) (6.74) (14.82) (17.69) p<.OOI 
1<2<3<4 
Listening 9.85 13.50 15.91 17.71 F(3,102) =116. 
span (1.61 ) (1.55) (1.35) (1.85) p<.OO 1 
1<2<3<4 
Rapid colour 52.78 42.88 29.35 21.75 F(3,102) =97. 
nammg (8.l6) (8.83) (5.61) (3.71 ) p<.OOI 
1<2<3<4 
Stroop 76.37 12.72 8.39 11.33 F(3J02) =90, 
interference (33.72) (8.47) (3.97) (4.76) p<.OOI 
1 <2,3,4 
Counting 16.93 7.47 5.04 8.21 F(3,102) =11. 
interference (13.67) (5.65) (5.54) (3.06) p<.OOI 
1 <2.3,4 
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Table 4.2 
Correlations between comprehension scales and memory, speed and interference 
measures 
Group 1 Group 2 
Grades 2&3 Grades 4&5 
n=27 n=32 
Comp Comp Comp 
question fluency question 
Comprehen .618** .796** 
fluency 
Spatial -.258 -.137 .262 
memory 
Sentence .063 .182 .563** 
repetition 
Listening -.184 -.032 .326# 
span 
Rapid -.069 .009 -.509** 
nammg 
Stroop -.029 -.193 -.199 
interference 
Counting -.200 -.441 * -.017 
interference 
# correlation significant at p=.1 0 
* correlation significant at p=.05 
** correlation significant at p=.OI 
Comp 
fluency 
.012 
.51t* 
.322# 
-.340# 
.001 
-.196 
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Group 3 Group 4 
Grades 6&7 Grades 8&9 
n=23 n=24 
Comp Comp Comp Comp 
question fluency question fluency 
.748** .649** 
.306 .558** .294 .371# 
.495* .361# .219 .448' 
.485* .238 .248 .52t* 
-.334 -.47t -.525** -.576** 
-.045 -.225 -.316 -.182 
-.301 -.135 -.093 -.279 
Conclusions 
The results of Study 2 confirmed the relationship found between listening span and 
Arabic reading comprehension amongst older cohorts of Kuwaiti children. A similar 
relationship was not identified with the selective attention (interference) measures in 
the Study - i.e., there was no evidence that older children showed an influence of 
selective attention on comprehension. Similarly, the relationship between listening 
span and reading comprehension was not explained by the inclusion of additional 
complex retention tasks (such as a sentence repetition task) arguing for the 
relationship to be consistent with the role of retention It'hile processing proposed for 
the central executive system of working memory rather than a simple retention effect 
- although the correlations may suggest a progression from the sentence retention 
skills to retention while processing. The data from Studies 1 and 2 were consistent in 
finding an executive processing influence on reading comprehension in older cohorts 
of Arabic children, at roughly the stage when these children had moved to the point of 
experiencing primarily non-vowelized text. Therefore, Study 3 assessed this potential 
de-vowelization explanation of the grade effects. 
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Study 3: 
Introd uction 
Chapter 5 
The Influence ofVowelization on the Reading Performance of 
Grades 3 and 4 Arabic Mainstream School Children 
Previous studies investigating predictors of Arabic literacy have been consistent in 
finding a relationship between phonological processing and reading levels. The 
pattern of inter-relationships between literacy and phonological awareness is 
consistent with conclusions derived from English-speaking cohorts, suggesting that 
models of literacy and specific literacy difficulties based on English language data 
may be appropriate for application to an Arabic context. (See Abu-Rabia 2004; Abu-
Rabia, Share & Mansour 2003; AI Mannai & Everatt 2005; Elbeheri & Everatt 2007). 
However, as discussed in the general introduction, in contrast to English, Arabic 
literacy acquisition begins by using orthography relatively consistent in the mapping 
between letters and sounds. In previous cross-language studies the variation in 
orthographic transparency has been found to affect the relationship between literacy 
acquisition and phonological awareness (Goswami 2000). Consistent with this, the 
level of prediction of Arabic literacy provided by phonological processing skills has 
been argued to differ from what might be expected based on previous research in 
other languages (Elbeheri et al 2006). 
Saiegh-Haddad (2003) examined oral reading fluency and reading comprehension in 
both Arabic and Hebrew-speaking university students. Results in English literacy 
studies typically show a correlation between word reading and comprehension that 
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decreases as readers matured and attain linguistic competence (see review in Saiegh-
Haddad 2003). However, no correlation between reading comprehension and word 
fluency measures in both groups was discovered, which was attributed to the nature of 
Arabic and Hebrew scripts. In their unvowelled versions, reading comprehension was 
somewhat independent of accuracy. Readers relied upon context and grammatical 
knowledge more than accurate reading/word recognition for comprehension. Again, 
these data suggest that differences from English language models may be attributed to 
the influence of de-vowelization and argue for the need specifically to assess this 
effect. The current Study aims to investigate this relationship by contrasting literacy 
under vowelized and non-vowelized conditions. 
Abu-Rabia (1997b) investigated the role ofvowelization (the retaining of short vowel 
markers) and its influence on reading accuracy of poor and normal grade 10 Arabic-
speakers in reading words, sentences and paragraphs which were fully vowelIed, 
partially voweIIed (only the last letter of each word was voweIIed) and unvoweIIed. 
The results indicated that vowelization improved word reading accuracy in both poor 
and normal readers. Similarly, Abu-Rabia (1997c) found that vowelization improved 
the reading accuracy of poor and good grade 10 readers in narrative texts and 
newspaper articles, and Abu-Rabia (1998) identified similar results for skilled and 
less skilled grade 1 I readers. Similar results were obtained with skiIIed adult readers 
(university students) in Abu-Rabia (2001). The results showed a significant effect of 
vowelization on the accuracy of word naming and reading paragraphs aloud, which 
suggests that vowelization helps improve accuracy regardless of context. Similar 
results on the role of vowels and context were found for 15-year-old Arab children 
living in Canada (Abu-Rabia & Siegel 1995). However, all of the abo\'e studies were 
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conducted on older students, whereas, generally in the Arab world, students are 
expected to read without diacritical marks from grade 4 onwards. Clearly. focusing 
on this grade and earlier would be beneficial for the investigation of the transition 
between vowelized and non-vowelized forms. 
Abu-Rabia (1999) found that vowelization, in comparison with unvowelled texts, 
significantly increased reading comprehension of Arabic-speaking children. One 
group (n=40) of the sixth graders read the vowelled version of a story selected from 
their basic reader and the other group (n=34) read the unvowelled version. Each 
version was followed by the same ten multiple-choice questions. The group who read 
the vowelled version performed significantly better on the comprehension questions. 
A grade 2 group read two different stories, one vowelled and one unvowelled, and 
answered seven multiple-choice questions on each. Again, their scores on the 
vowelled text were significantly higher than their scores on the unvowelled text. 
Overall, the current findings argue for de-vowelization to influence the relationship 
between word-level processes and comprehension, and for vowelized text to be easier 
to process/understand than non-vowelized text. The current Study aims to investigate 
these effects by contrasting groups of children who should be experiencing the 
transition between reading the vowelized version of the orthography to reading 
mainly non-vowelized text. Although the exact point when this occurs cannot 
precisely be determined, in the current Kuwaiti educational context. this would be 
expected to occur around grade 3 to 4, which is consistent with the data in the 
previous two Studies suggesting changes in relationships around the grade 4 to 5 
level. Therefore, children in normal Kuwaiti schools in grades 3 and .f for whom 
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there was no evidence ofliteracy problems were the participants of Study 3. 
Consistent with previous work investigating the effects ofvowelizationlde-
vowelization, passages were presented in their vowelized and non-vowelized forms. 
All children read vowelized and non-vowelized passages, but passage effects were 
controlled by half the cohort in each grade reading the vowelized version of one 
passage and the non-vowelized version of a similar passage, the remaining half cohort 
reading the alternative versions of each passage. Any effects across orthography type, 
therefore, could not be ascribed to passage effects. 
In addition to assessing the effects ofvowelization on word-level processes (accuracy 
and speed) and reading comprehension, the Study also included predictor measures to 
determine if these vary across the two types of text or with background experience of 
the variations in orthography. Measures of phonological awareness and rapid naming 
were included, consistent with the previous two Studies, as were measures of working 
memory (listening span and reverse digit span). A confrontation-naming task was 
also used to assess interference/inhibition effects. Measures of non-\\ ord reading and 
spelling were also included to assess wider word-level literacy skills across the 
groups. 
The main question assessed in Study 3 was whether the influence of working memory 
amongst older cohorts of Arabic readers, identified in Studies 1 and 2. was related to 
the stage when the Arabic children were experiencing more non-vowelized texts. 
Therefore, the main hypothesis was that the relationship between listening span and 
reading comprehension would be found primarily in older children reading non-
vowelized texts, but would be less evident in younger cohorts or when children were 
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reading vowelized text. Additional measures were included in the Study to assess 
intervening variables if the predicted relationships were not evident (e.g., if 
relationships with phonological processing or attention interference would need to be 
controlled before the predicted relationships were evident). Secondary questions 
assessed the influence of de-vowelization on Arabic reading: specifically, whether 
reading accuracy, reading rate and/or reading comprehension varied across Arabic 
vowelized/non-vowelized orthographies, and whether any variation was related to 
grade/experience. These latter questions required assessments of the interaction 
between grade and type of orthography on the three reading measures. 
Method 
Sample 
The sample for this Study comprised a total of 62 children drawn from grades 3 and 4 
of Kuwaiti mainstream government schools (for each grade there were 15 females and 
16 males). Schools were typical of those found in Kuwait and followed the 
government's educational curriculum. None of the children tested had any reported 
evidence of difficulties with literacy learning and all were first language Arabic 
speakers (based on teacher/parent and children information gained prior to testing). 
Once permission for participation had been obtained from guardians, the only other 
exclusion used in this study was non-completion of the measures. 
Measures 
Measures were developed based on pilot work and derived from those used in 
previous research in this thesis and the literature. Children were tested in a quiet 
setting free from distractions. The tester was familiar to the children (e.g .. their 
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teacher or a student-teacher). The measures assessed reading accuracy, speed and 
comprehension of passages of vowelized and non-vowelized text. The children were 
given a spelling to dictation task and a non-word reading (decoding) task, and were 
assessed on their alliteration and rhyme phonological awareness. In addition, 
backward digit and sentence span working memory tasks, as well as rapid naming, 
speed and confrontation naming interference tasks, were used to determine working 
memory and attentional skills. 
Reading Accuracy, Speed and Comprehension 
Two passages were prepared for the test, with each having a fully vowelized version 
(i.e., all marks were included) and a non-vowelized version (i.e., vowel markers were 
not included) consistent with texts experienced by young, beginning-grade readers 
and those by older, experienced and adult readers. Both passages were appropriate to 
the age range covered and comprised 101 words. Each child was asked to read 
different passages of vowelized and non-vowelized text, but passages were designed 
to be comparable and were balanced across children so that half the group was given a 
passage in its vowelized form and the other half read the same passage in its non-
vowelized form. 
For each passage, the child was asked to read the passage aloud and at their normal 
speed; they were informed that they would be assessed for accuracy and speed, but 
that they would also be asked questions about the passage when they finished reading. 
The assessor recorded any reading errors on a separate sheet and noted the time taken 
to complete the task. After the last word had been read, the text was covered to stop 
re-reading, the assessor read out each comprehension question in turn, allowing time 
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for the child to answer prior to moving to the next question. There were 13 
comprehension questions for each passage and the assessor noted whether the 
question was answered correctly based on the passage. This task, therefore, produced 
three measures for each text version: the number of correctly read words out of 140, 
the time taken to read the passage and the number of comprehension questions 
correctly answered out of 13. 
Spelling to Dictation 
The spelling test consisted of a passage of connected text 55 words in length that was 
meaningful to the children tested but containing words at a higher reading level than 
grade 4. The researcher read out the passage at a slow pace, with suitable gaps in 
speech to allow the children to write what was dictated, but also to allow context to 
support word recognition. The pace was determined by pilot work and a certain 
amount of pressure was exerted to complete the task. The number of correct spellings 
(out of 55 words) was used as the score for this task. 
Non- Word Reading 
This task was similar to that used elsewhere in this thesis and comprised 20 non-
meaningful Arabic letter strings that followed Arabic word-level rules so that an 
appropriate pronunciation could be formed. Most non-words were derived from real 
words, but with letters exchanged or re-arranged. Each non-word was presented 
individually to the child, who was required to read the item aloud. Instructions and 
practice examples were used to ensure understanding with the number of items 
correctly pronounced based on Arabic letter-sound conversion rules used as the 
measure for this test. 
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Phonological Awareness of Alliteration and Rhyme 
This test was administered in two parts, with instructions and examples preceding 
each. Both parts comprised ten sets of words with pictures to support memory. The 
Arabic name of each picture was stated for the participant who indicated which 
picture did not have the same rhyme sound or the same initial sound as the others. 
For the first ten items, the participant's task was to indicate the picture with a different 
rhyme sound. An English example would be "cat, hat, pen" with pen being the odd-
one-out. An Arabic language example would be pictures representing: (a pyramid) 
('.]A (a flag) r-k (a car) 'O.J~. The words r-k -(,.]A end with the same sound, whereas 
the word 'O.J~ does not. 
For the other ten items, the names used for the pictures contained an odd-one-out in 
the initial sound. An English example would be "ball, chain, boaC with chain being 
the odd-one-out. Here the task was to indicate the picture, which had a name 
differing in the initial sound. An Arabic example would be pictures representing: 
(sun) ~- (candle) ~- (cat) W. The words ~ and ~ begin with the same 
sound, whereas the word ~.b.i does not. Practice examples were used to explain the 
task to the participants. The number of correct odd-one-out decisions for the rhyme 
and alliteration tasks was recorded and used to assess phonological awareness. 
Reverse Digit Span 
This task was based on procedures described elsewhere in this thesis (see Study 1). 
Each child was presented verbally with a sequence of digits and required to repeat the 
sequence in reverse order. Sequences began with two digits and increased by one 
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digit every two items up to a total of six digits. The sequence length at which both 
items were repeated correctly was used to indicate the child's reverse digit span size 
in this task. 
Listening Span 
As in previous Studies, the listening span task involved the assessor reading a 
sentence in Arabic to a child, who then indicated whether the sentence made sense or 
not. After each sentence, or a set of sentences, the child was required to repeat the 
last word of each sentence in the order of presentation. The task began with one word 
recall and, after six items of one sentence, the number of sentences in each set 
increased by one, requiring the child to repeat two last words over the next six items. 
After these, the sentences again increased by one, requiring three last words to be 
recalled. This procedure continued until the child failed to recall all six items in a 
block up to a maximum of seven last words. The listening span length was then 
determined by the block in which more than three items were recalled correctly. 
Rapid Naming 
A rapid automatic naming task was used to assess the ability to access a phonological 
label fluently. In this task, the child was given a page on which 30 line drawings of 
familiar items were presented (three repetitions often different drawings). 
Participants were asked to name these items in Arabic, as quickly as possible, and to 
try to avoid naming errors. (The ten items were given prior to speeded testing to 
ensure that the child could name each item). The time from naming the first item to 
the last was recorded. Any non-corrected errors incurred a one second penalty. The 
total time (plus the error penalty) was used as the measure for this task. 
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Confrontation Naming Interference 
This task involved two naming tasks. The first involved naming colours, the second 
naming familiar objects presented as line drawings. In both cases, stimuli were line 
drawings of familiar objects presented in incongruous colours; e.g., a line drawing of 
a tomato was presented in blue. Different stimulus cards of 60 items \\ere used for 
the two tasks, which were clearly explained to the children, with examples of what 
feature (i.e., the colour or the object) they were to ignore. The time taken to name all 
items was recorded and the times for the two tasks combined. Errors of naming 
incurred a one second penalty, which was added to the total time. 
Results and Discussion 
The scores (means and standard deviations) for the two grade groups are presented in 
Table 5.1. Analyses of variance comparing grade (two independent levels) and text 
type (two repeated measures levels) on each of the reading measures were performed. 
These indicated main effects of grade and text type on accuracy (F( 1 ,60) = 7.03, P = 
.01; F(l,60) = 23.67, P < .001) but no interaction (F(l,60) = 1.26, P = .27). There was 
an effect of grade (F( 1 ,60) = 66.60, p < .001) but not text type (F( 1 ,60) < 1) on rate of 
reading, and no interaction (F( 1 ,60) = 1.31, P = .26). Finally, there was also an effect 
of grade (F(1,60) = 15.82, P < .001) but not text type (F(l,60) < 1) on comprehension; 
however, this time the interaction between grade and text type was significant 
(F( 1 ,60) = 7.31, P = .009). These findings seem consistent \\'ith the view that a 
transparent orthography can be read more accurately as both grades scored higher on 
the reading accuracy measure with the vowelized text. However. reading rate was no 
different across the two types of text. and by grade 4, the non-\'O\\ elized text was 
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associated with better reading comprehension scores than the vowelized text. 
potentially due to increasing experience of the less transparent orthography. (Figures 
5.1, 5.2 and 5.3 present these results). 
Table 5.2 presents correlations with the reading measures for the two grades, together 
with the correlations for spelling as a comparison literacy measure. These findings 
suggest that, although both accuracy and rate were related across the two orthographic 
forms, comprehension levels were relatively independent by grade 4. Potential 
comprehension predictor variables, consistent with the previous results reported in 
this thesis, varied across grades. For grade 3 children, phonological skills (awareness 
and rapid naming) seem to be the best predictors of comprehension levels when 
reading vowelized or non-vowelized texts. For grade 4, however, non-word reading 
and the listening span working memory measure were good predictors of non-
vowelized but not vowelized text comprehension levels. These findings support the 
view that the processes involved in reading comprehension diverge across the two 
orthographic forms with age/experience. For younger Arabic readers, understanding 
text depends primarily upon phonological skills, whether the text is vowelized and so 
appropriate for simple phonological strategies. However, for older children, who are 
likely to be reading more non-vowelized text, comprehension may require somewhat 
different skills in order to process non-vowelized forms, which include those 
processes often associated with a combination of processes in working memory as 
measured by the listening span task. Although the listening span task shows small 
relationships with vowelized text comprehension and spelling for the older grade 
group, the larger relationship with non-vowelized text comprehension argue for a 
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change of strategy (or further development of processing skills) needed to deal \\ith 
increased exposure to the more opaque form of the Arabic orthography. 
These findings may have practical and theoretical implications. Increased exposure to 
non-vowelized text by grades 4 or 5 heightens any differences in ability. Similarly, 
testing skills used when reading non-vowelized text may be more appropriate for 
Arabic literacy theory development. For example, Arabic does not seem to produce 
results entirely consistent with either less transparent orthographies (e.g .. English) or 
more transparent orthographies (e.g., German) and, therefore, may require different 
models fully to explain its acquisition. 
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Table 5.1 
Mean and standard deviations (SO) for grades 3 and 4 
Grade 3 (n=31) Grade 4 (n=31) 
Mean SO Mean SO 
Reading accuracy 95.42 4.02 97.58 3.05 
Vowelized 
Reading speed 101.06 17.89 67.45 19.03 
Vowelized 
Reading comp 10.61 1.31 11.23 1.31 
Vowelized 
Reading accuracy 92.06 6.69 95.48 4.23 
Non-vowel ized 
Reading speed 98.87 15.66 70.23 16.32 
Non-vowelized 
Reading comp 10.19 1.40 11.77 1.15 
Non-vowelized 
Spelling 43.97 4.97 49.32 2.63 
to dictation 
Non-word reading 17.00 l.65 18.97 0.98 
score 
Phonological 17.71 1.75 18.84 1.24 
awareness 
Confrontation 137.52 3.70 141.29 2.28 
naming speed 
Rapid 52.32 5.62 41.68 7.l2 
naming speed 
Listening 2.65 0.49 3.48 0.63 
span 
Reverse digit 3.48 0.57 3.94 0.85 
! 
I 
span i 
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Figure 5.1 
Interaction between grade and text type on reading accuracy scores 
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Interaction between grade and text type on reading speed times 
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Figure 5.3 
Interaction between grade and text type on reading comprehension scores 
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Table 5.2 
Correlations with reading measures for grade 3 (top figure) and grade 4 (lower figure) 
RA RS RC RA RS RC SP 
Vow vow vow n-v n-v n-v 
RS -.04 
vow -.03 
RC .15 .03 
vow .01 .08 
RA .57 -.10 .12 
n-v .71 -.12 .03 
RS .16 .34 .04 .09 
n-v -.08 .68 -.05 -.06 
RC .19 -.06 .66 .37 .28 
n-v -.16 -.10 .10 -.25 .11 
SP .18 -.17 -.32 .01 -.09 .01 
.06 -.19 .11 .01 -.01 .35 
NW .16 -.21 -.02 .24 -.14 .25 .34 
.15 -.25 .20 .21 -.10 .35 .39 
PA .20 .12 .37 .34 -.04 .35 .27 
.06 -.38 .01 -.07 -.38 .26 .36 
RN .07 -.01 -.29 -.04 -.39 -.49 .15 
-.17 -.22 .04 -.27 -.34 .02 .12 
CN -.12 -.04 -.06 -.11 -.48 .01 .33 
-.01 .36 .02 .12 .33 .14 -.18 
RDS -.15 -.14 -.26 -.12 .18 -.16 -.04 
.04 -.26 -.22 .09 -.17 .24 -.02 
LS .04 -.33 .18 -.22 -.04 -.01 .05 
.03 -.12 .26 .22 .28 .51 .23 
Key: RS=reading speed; RC=reading comprehension: RA=reading accuracy: 
SP=spelling; NW=non-word reading; PA=phonological awareness; RN= rapid 
naming; CN= confrontation naming: RDS=reverse digit span; LS=listening span: 
vow=vowelized text; n-v=non-vowelized text 
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Conclusions 
The data from Study 3 supported the relationship between listening span and Arabic 
reading comprehension in older cohorts of children found in Studies 1 and 2. 
However, they indicated that this relationship was more evident when the older cohort 
of children read non-vowelized texts. This finding confirms the prediction that 
executive processes would be required when reading an orthography in which context 
is needed to support processing which again seems to support the view that the 
influence of working memory executive processes on Arabic literacy may be focused 
on retention while processing. When phonological decoding can be relied upon to 
process written language, executive processes, as measured by the listening span task, 
may not be as necessary as when de-vowelization leads to the need to use additional 
processing strategies in reading. The findings indicated also the advantage of 
vowelization on accuracy of reading, but not on rate of reading. Additionally, there 
was evidence of an experience effect, whereby older cohorts of children may be able 
to process to understanding non-vowelized text better than vowelized text, potentially 
due to the change in processing strategies discussed above. The potential practical 
value of assessing working memory influences on literacy will be investigated in the 
final study which incorporates a group of children with learning disabilities. 
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Study 4: 
Introd uction 
Chapter 6 
Comparisons of Mainstream and Learning Disabled Children on 
Literacy, Phonological Processing, Working Memory and 
Processing Speed Measures 
The tenn learning disability (LD) in Kuwait refers to children who have an average or 
above average IQ (i.e., 85+) but who show evidence of persistent problems in 
educational achievement, primarily in the areas of literacy and/or mathematics. The 
most common type of education-related learning disability, and the one upon which 
most research has focused, is that related to poor reading and writing. Assessment of 
the LD individual's areas of difficulties and strengths is of central importance in the 
effort to support someone with learning difficulties. Infonned identification leads to 
more effective outcomes in remediation, particularly in the areas of reading and 
writing, whereas a failure to recognize difficulties can often lead to a child becoming 
anxious or depressed and suffering serious losses in self-esteem, confidence and 
motivation (see Edwards 1994; Miles & Vanna 1995; Riddick 1996), which may lead 
to anti-social behaviour (see a study on young Kuwaiti offenders by Elbeheri et al 
2009). Objective assessment procedures and tools are therefore essential to the 
educational practitioner in both their initial identification of those at risk and their 
fonnation of an education plan designed for the needs of the individual. 
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At present, most assessment tools have been developed for the English-speaking child 
and many of those used in the Arab world are relatively simple translations with re-
standardizations of these tools. Clearly however, the techniques used in learning to 
read and write in one language are not the same as in another. Underlying cognitive 
factors related to literacy learning difficulties may vary between languages, and there 
is no reason to pre-suppose that the best predictors of literacy development in one 
language will be the same as those in another. Aspects of the language or culture 
within which an individual is immersed may make an assessment measure 
inappropriate as a predictor of literacy skills. (See discussions in: AI-Mannai & 
Everatt 2005; Elbeheri & Everatt 2007; Elbeheri et al 2006: Everatt et al 2000; 
Goswami 2000; Katz & Frost 1992; Leong & Joshi 1997; Smythe et al 2004). For 
example, Everatt et al (2004) found that although alliteration and rhyme phonological 
awareness tasks could distinguish between groups of grade 3 children either suffering 
literacy deficits in English or not, no reliably similar groups of Hungarian children 
could be identified in the same manner. The same reduction in the ability to 
distinguish between good and poor literacy learners has been found for decoding 
skills amongst German learners (see Wimmer 1993). These findings suggest the need 
to consider different test measures in LD assessment across languages, but they also 
cast doubt on the link between phonological awareness, phonological decoding and 
weaknesses in literacy. Overall, when it comes to distinguishing children with and 
without literacy learning problems in a relatively transparent orthography, other 
measures, apart from those specifically used to assess phonological awareness. may 
be better identifiers. 
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Empirical studies on the incidence and occurrence of literacy-related learning 
difficulties among Arabic speakers are a growing area of research (e.g., Abu-Rabia 
2004; Abu-Rabia, Share & Mansour 2003; AI-Mannai & Everatt 2005: Elbeheri & 
Everatt 2007; Elbeheri et al 2006; Gilgil 1995). Those studies investigating the role 
of phonological processing in Arabic have been consistent in concluding that such 
processes are predictive of reading levels amongst Arabic children and that poor 
Arabic readers show weak phonological decoding and low levels of phonological 
awareness in comparison to matched average-to-good readers. The pattern of inter-
relationships between literacy and phonological awareness is consistent with 
conclusions derived from English-speaking cohorts, suggesting that models of literacy 
and specific literacy difficulties based on English language data may be appropriate 
for application to an Arabic context. However. data from such studies have not been 
entirely consistent with English language data (e.g .. AI-Mannai & Everatt 2005; 
Elbeheri et al 2006). 
Thus, further research is necessary to determine the most appropriate measures to 
distinguish between Arabic children with and without LD, particularly given the 
complex orthographic features of the Arabic writing system and the emphasis on 
morphemic roots and patterns. The data from the first three Studies reported in this 
thesis indicate that working memory measures can be used to predict variability in 
literacy levels amongst Arabic children, and that these measures may be particularly 
useful for older children who have experienced non-vowelized text. Therefore. the 
current Study gave these measures to two groups of children. One group comprised 
those with a history of educational difficulties and formal assessment of LD who were 
being educated in a special school for children with LD. The other group was drawn 
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from mainstream schools and comprised children with no evidence of LO-type 
problems. Consistent with the previous studies, measures of listening span and 
reverse digit span were used to assess working memory functioning and measures of 
phonological awareness and rapid naming to assess phonological skills. Reading 
accuracy and speed were measured to target word-level reading skills, since the 
literature has identified deficits in these as being the main characteristic of children 
with LO-based literacy learning problems. Reading comprehension was also assessed 
to determine the text understanding levels presented by the groups of children, given 
the previous work in this thesis. Measures of non-word reading and spelling were 
used to assess wider literacy skills as these have been shown as areas of deficit among 
LO populations. 
Therefore, the final study in this thesis aimed to determine whether the relationship 
identified between working memory and Arabic literacy skills could be used to 
support the identification of children with literacy learning difficulties (LD). The 
primary hypothesis assessed was would children with LO be worse than those without 
LO on measures of working memory (specifically, the listening span measure used in 
Studies 1 to 3, but also the reverse digit span measure that has been a common tool in 
assessment practices). These potential differences were then contrasted with any 
differences between LO and non-LD found in literacy levels and phonological skills. 
The main predictions of the work were that, compared to non-LO peers, children with 
LO will be worse on measures of literacy, which will be associated \\ith phonological 
processing weaknesses, and that these deficits will be accompanied by poorer scores 
on working memory executive measures. 
125 
Method 
Sample 
The sample for this Study was drawn from a range of Kuwaiti mainstream 
government schools following the prescribed educational curriculum and comprised 
children from grades 3 to 6. Testing was performed either at school or in a settino 
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familiar to the participants, who were tested by trained same-sex researchers working 
in the schools where testing took place or who were acquainted with the children. 
Permission for participation was obtained from guardians of the children (parents or 
teachers). Selection procedures ensured that none of the children from whom the 
present data set were obtained had reported evidence of difficulties with literacy 
learning and that all were first language Arabic speakers: this information was 
obtained from teachers or parents and the children themselves prior to testing. These 
selection criteria produced a sample of 150 children (approximately half of \\hom 
were female and half male - see Table 6.1) who were assessed on all the measures 
used in the Study. Those children who did not complete all of the measures for 
reasons unconnected to the present work (e.g., illness or absence) were excluded from 
the current analyses. 
Children in grades 4 to 9 of a Kuwaiti special school comprised the LD sample in the 
Study. These children had been assessed as having a learning disability based on 
evidence of achievement deficits in literacy and/or maths, together with an assessment 
of IQ of 85 or above. The special school targeted followed the same government 
educational curriculum as that for Kuwaiti mainstream schools, though with smaller 
class sizes (less than six and often one-to-one) and with special teaching methods 
designed for the children. As with the mainstream sample. all children with LD had 
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Arabic as their first language and the only exclusion criteria used was that testing 
could not be completed, either due to consent not being given by guardians or 
illness/personal reasons that prevented school attendance during the period of testing. 
Consistent with the incidence of LD across the sexes, there were fewer girls than boys 
in the special school and the sample reflected this. Similarly, the number of children 
in each year group varied due to identification rates across grades and the policy of 
the education system to return children to mainstream schools as soon as deemed 
appropriate. Therefore, as all available children in each of the grades \vere tested. the 
number of children per grade also varied (see Table 6.1). 
Table 6.1 
Samples of mainstream children and children with LD tested in the study 
, 
Mainstream children Children with LD ~ 
." 
Female Male Female Male 
Grade 3 17 20 
Grade 4 18 19 3 10 
Grade 5 18 20 4 4 
Grade 6 20 18 1 11 
Grade 7 3 18 
Grade 8 3 3 
Grade 9 3 9 
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Measures 
Arabic measures were derived based upon pilot work, previous research in the 
literature and this thesis. All measures were administered to children in a quiet room 
free from distractions. 
Reading Accuracy, Speed and Comprehension 
A passage of connected text was used which was appropriate in theme and structure 
for the children tested and sufficiently vowelized to avoid ambiguity. The passage 
was 101 words long and contained words both at and above the primary grade level of 
the mainstream children. The passage was presented to a child, who was asked to 
read it aloud at their normal speed. They were informed that they would be assessed 
for accuracy and speed, but that they would also be asked questions about the passage 
when they had finished reading. After the last word had been read, the assessor read 
out each comprehension question in tum, allowing time for the child to answer prior 
to moving to the next question. There were 13 comprehension questions and the 
assessor noted correct answers. This task, therefore, produced three measures: the 
number of correctly read words out of 101, the time taken to read the passage and the 
number of correctly answered comprehension questions out of 13. 
Spelling to Dictation 
The spelling test consisted of a passage of connected text 55 words in length, that 
was meaningful to the children but containing words at a higher reading level than the 
mainstream grades tested. The researcher read the passage aloud at a slow pace. \\ith 
suitable gaps in speech to allow the children to write what was dictated. and also to 
allow context to support word recognition. The pace was determined by pilot work 
128 
and a certain amount of pressure was exerted to complete the task. After the dictation 
was completed, papers on which the children had written were collected and words 
marked for correct spelling. The number of correct spellings was used as the score for 
this task. 
Non- Word Reading 
This task was similar to that used elsewhere in the work report in this thesis. The task 
comprised 20 non-meaningful Arabic letter strings that followed Arabic word-level 
rules so that an appropriate pronunciation could be formed. Most non-words were 
derived from real words, but with letters exchanged or re-arranged. Each non-word 
was presented individually to the child, who then read the item aloud. Instructions 
and practice examples were used to ensure understanding and the number of items 
correctly pronounced based on Arabic letter-sound conversion rules \,ere used as the 
measure for this test. 
Phonological Awareness 
This test was administered in two parts, with instructions and examples preceding 
each. Both parts comprised ten sets of four words with pictures to support memory. 
The Arabic name of each picture was stated for the participant who indicated which 
picture of the four did not contain the same rhyme sound or the same initial sound as 
the others. For the first ten items, the participant's task \vas to indicate the picture 
with a different rhyme sound. For these, the names used for three of the pictures 
rhymed words (cat, hat. mat), with the other picture having a non-rhyming name 
(pen). For the other ten, the names used for three of the pictures contained the same 
initial sound (ball, boat, bed), whereas the other name did not (chain). (Although 
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English words are used here for illustration purposes, the task was conducted in 
Arabic). Here the task was to indicate the picture that had a name differing in the 
initial sound. Practice examples were used to explain the task to the participant. The 
number of correct odd-one-out decisions out of 20 for the rhyme and alliteration tasks 
was recorded and used to assess phonological awareness. 
Rapid Naming 
A rapid automatic naming task was used to assess the ability to access a phonological 
label fluently. In this task, the child was given a page on which 35 different pictures 
of familiar items were presented. Participants were asked to name these items in 
Arabic, as quickly as possible, and to try to avoid naming errors, and the time taken 
was recorded. Any non-corrected errors incurred a one second penalty. The total 
time (plus the error penalty) was used as the measure for this task. 
Reverse Digit Span 
This task was based on procedures described elsewhere in this thesis. Each child was 
verbally presented with a sequence of digits and was required to repeat the sequence 
but in reverse order. Sequences began with two digits and increased by one digit 
every two items up to a total of six digits. The sequence length at which both items 
were correctly repeated was used to indicate the child's span size in this reverse digit 
span task. 
Listening Span 
The listening span task was similar to that used elsewhere in this thesis and inyolved 
the assessor reading a sentence in Arabic to a child, who then indicated whether the 
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sentence made sense or not (e.g., "ice is hot" should lead to a "no" response). After 
each sentence, or a set of sentences, the child was required to repeat the last word of 
each sentence in the order of presentation. The task started with one word recall items 
and, after six items. the number of sentences in each set increased by one. This 
procedure continued until the child failed to recall all six items in a block up to a 
maximum of seven last words. Listening span length was then determined by the 
block in which more than three items were recalled correctly. 
Results 
The results for the mainstream and LD cohorts can be found in Tables 6.2 and 6.3. In 
the LD data, grades 8 and 9 were combined due to the small number of children in 
these grades. These data were then analysed using analyses of covariance in order to 
contrast mainstream and LD groups on all of the measures, but controlling for grade 
levels and sex, due to the differences between the groups on both these factors. For 
the reading measures. the LD group performed less well than the mainstream group 
on accuracy (F(1.218)=43.9, p<.OOI) and speed (F(l.218)=I03, p<.OOI) measures but not 
on the comprehension (F(l.218)<I) measure. Poorer scores were also e\ident on 
spelling (F(1.218)=61.3. p<.OOI) and non-word reading (F(1.218)=6A5. p=.012) measures. 
but not on the phonological awareness task (F(1.218)<1). Rapid naming (F(1.218)=61.4. 
p<.OOl). reverse span (F(1.218)=9.26, p=003) and listening span (F(l.~18)=26.7. p<.OOI) 
also showed significant differences such that the LD group underperformed compared 
to their mainstream peers. 
Overall. the results indicated that the children \\ith LD performed poorly compared to 
the controls on both accuracy and rate measures. but were relatively more able on the 
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reading comprehension and phonological awareness measures, possibly due to good 
levels of semantic skills within the group and the emphasis on phonology in LD 
teaching practices. For the spelling, non-word reading and rapid naming measures, 
the LD group were behind grade level; although they were more variable in their 
performance across the grade levels. Despite reasonable comprehension and 
phonological awareness levels, the children with LD in this study performed poorly 
on measures of reading accuracy and rate, spelling, non-word reading and rapid 
naming. For the memory measures, the children with LD were below grade level on 
both the reverse digit span and listening span tasks. These findings are consistent 
with the theory that more complex working memory measures are useful in 
identifying children with learning disabilities; potentially supporting findings from 
word-level literacy measures and tasks requiring speeded verbal responses. 
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Table 6.2 
Mean scores, with standard deviations in brackets, for the mainstream students in the 
Study 
Grade 3 Grade 4 Grade 5 Grade 6 
Reading accuracy 91.68 93.70 94.95 96.61 
(7.03) (8.19) (8.32) (5.75) 
Reading speed 92.62 79.41 78.21 68.00 
(21.15) (22.71) (20.39) (20.78) 
Reading 9.70 10.30 10.50 11.47 
comprehension ( 1.76) (1.84) (1.96) (2.00) 
Spelling 45.35 49.70 49.53 52.34 
(5.73) (2.92) (10.74) (6.13) 
Non-word reading 16.54 17.76 18.08 18.03 
(2.14) (2.20) (2.07) (2.39) 
Phono awareness 17.46 18.62 18.32 19.13 
(1.77) ( 1.40) (1.69) (1.04) 
Rapid naming 50.51 40.30 38.37 37.18 
(6.83) (7.55) (5.48) (4.61 ) 
Reverse span 4.16 5.19 5.89 6.32 
(1.95) (1.85) (2.02) (2.13) 
Listening span 2.70 3.41 3.84 4.03 
(0.52) (0.64) (0.97) (1.33) 
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Table 6.3 
Mean scores, with standard deviations in brackets, for the students with LD in the 
Study 
Grade 4 Grade 5 Grade 6 Grade 7 Grade 8.5 
Reading accuracy 77.69 85.75 89.08 88.57 92.56 
(15.49) (11.17) (6.20) (13.11) (8.15 ) 
Reading speed 331.00 166.75 128.92 111.33 88.00 
(202.20) (123.74) (43.35) (44.68) (30.04) 
Reading comp 9.69 11.75 11.50 12.29 11.67 
(1.70) (1.28) (1.00) (1.23) (1.03) 
Spelling 36.38 46.88 39.17 43.95 47.83 
(7.29) (8.71) (7.55) (5.17) (4.78) 
Non-word reading 15.62 18.63 16.42 17.05 18.11 
(4.25) (1.41 ) (2.31) (3.26) ( 1.60) 
Phono awareness 19.08 18.50 19.42 19.00 18.83 
(0.76) (2.27) (1.44) (2.39) (1.47) 
Rapid naming 59.00 58.88 48.67 49.71 44.56 
(17.87) (17.64) (11.79) (23.26) (13.20) 
Reverse span 4.08 5.13 5.58 5.81 6.33 
(1.38) (2.17) (0.67) (l.40) (1.08) 
Listening span 2.69 3.13 3.33 3.48 3.83 
(0.63) (0.64) (0.65) (0.98) (1.04) 
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Conclusion 
The results of Study 4 indicated that the children with LD perfonned worse than their 
non-LD peers on the measures of working memory: both the listening span and the 
reverse span tasks. These findings suggest that working memory measures will be 
useful in identifying children with LD, supporting findings obtained from literacy 
measures and tasks requiring phonological processing. Overall, the data from the four 
studies reported in this thesis present both theoretical and practical implications to 
measuring working memory executive processing when investigating Arabic literacy 
- these implications will be covered in the final chapter. 
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Chapter 7 
General Discussion 
The results from Study 1 indicated relationships between reading comprehension and 
all of the other measures in the Study, suggesting an influence of phonological 
processing and working memory functions on Arabic reading comprehension. 
However, the younger grades amongst the children tested (i.e., up to and including 
grade 4) showed mainly influences of phonological processing on comprehension, 
whereas the older grades (from grade 5) showed more of a trend for working memory 
scores to influence comprehension levels. Indeed overall. the working memory 
measures predicted variability in reading comprehension over that explained by the 
phonological measures, particularly in the older grades tested. 
The results of Study 2 provided further evidence for a relationship between working 
memory processes and Arabic reading comprehension. The data from this Study were 
also consistent with Study 1 in indicating that a working memory task \\hich 
combined storage of verbal material with linguistic understanding-level processing 
(i.e., the listening span) was specifically related to reading comprehension. 
Interference measures, which target the hypothesized attentional role of the central 
executive, were much less predictive of reading comprehension. Similarly, simple 
recall of sentences and spatial positions (measures from Study 2), as well as the 
manipulation of verbal material (reverse digit span from Study 1) and the repetition of 
meaningless verbal forms (non-word repetition from Study 1). failed to explain the 
relationship between the listening span task and reading comprehension. 
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Study 3 identified potential changes in processing (or processing demands) related to 
increased exposure to non-vowelized Arabic text. Specifically. the results indicated 
that the listening span, working memory task was more related to comprehension 
when older, more experienced readers processed non-vowelized text. These older 
(grade 4) children also demonstrated better understanding of non-vowelized text than 
vowelized text compared to the younger (grade 3) counterparts. Overall, as in the 
previous Studies, the relationships argued for phonological processes to be more 
related to comprehension in younger children, and working memory to be more 
influential in older children, though they now indicate the need to consider exposure 
to non-vowelized text as an important factor in these relationship. These data argue 
for more experience of the non-vowelized orthographic form of Arabic leading to 
improved processing of non-vowelized text and that this potentially leads to the need 
to use working memory processes to support understanding. 
The data from the final Study indicated that children with a learning disability (LD) 
showed evidence of impaired working memory processes. Scores on both the reverse 
digit span and the listening span tasks were lower than expected compared to scores 
produced by typically developing children. These scores were particularly poor, 
given that the performance of the children with LD on the phonological awareness 
measure and their reading comprehension levels were relatively good in comparison 
to non-LD peers. The children with LD, however, showed deficits in reading 
accuracy (both word and non-word) and speed of reading (the most obvious area of 
weakness) and processing verbal labels (rapid naming). These areas of weakness 
seem consistent with dyslexia in a more transparent language. which may be 
consistent with the early experience of these children. 
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Overall, the findings from these Studies confirmed the relationship between working 
memory processes and reading comprehension, as well as between \\ orking memory 
deficiencies and learning difficulties. They were consistent also with previous work 
in showing that this relationship in normally developing children is clearer when 
complex dual processing skills are needed in working memory tasks rather than 
simple recall or simple manipulation of retained information. The data reported in the 
thesis argued for this relationship to be focused on memory processes. rather than 
attentional processes that involve the selection of one type of information over 
another. However, they confirmed that various types of working memory task can 
distinguish children with LD from their non-LD counterparts. Although these 
findings have confirmed those already reported in the literature. the Studies in this 
thesis were novel primarily in that they focused on these relationships in a little 
studied orthography - Arabic - and indicated the potential for the relationship to vary 
in this language. With more complex orthographic forms (i.e .. non-vO\\elized text). 
the relationship between working memory processes and reading comprehension may 
be more evident because of the necessity of using higher-level skills to support text 
processing; although the influence of increased experience in literacy also may be 
important. These specific effects and interpretations will be discussed in more detail 
in the remainder of this chapter. 
Working Memory and Reading Comprehension 
Of the range of working memory related measures used in the current research. that 
most likely to be related to reading comprehension was the listening span task. This 
task involved the retention of one or more words during processing verbal text for 
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understanding (for ease, this function of the executive system has been shortened to 
retention during processing or retention while processing within this thesis). There 
was less evidence in the data for consistent relationships between the other \\ orking 
memory related tasks (such as reverse digit span) and reading comprehension. These 
results confirm previous research on English language cohorts that relationships with 
comprehension are found with more complex working memory tasks rather than digit 
span tasks (see Daneman 1991; Daneman & Carpenter 1980). These findings support 
those views proposing that complex executive functioning is the most likely place to 
find a relationship between working memory tasks and reading comprehension and 
are consistent with evidence arguing for a domain general executive processing deficit 
among poor reading comprehenders (see Swanson 1999). Such a role can be 
explained by differing working memory theories (for example, contrast Baddeley 
2001 and Cowan 2005), although those that focus on types of executive processing 
rather than a single executive system with a variety of slave systems provide a better 
basis for understanding the differences found between listening span and reverse digit 
span tasks. 
Similarly, the data reported in this thesis indicate that retention during processing is 
the executive function that is most likely related to reading comprehension rather than 
attentional processes that select one stimulus/concept over another for further 
processing. These findings suggest that attentional processes are less influential of 
comprehension levels, at least in Arabic, which argues against their primary 
importance in the relationship between working memory and reading comprehension 
(see discussions in Baddeley 1996, 2001). Although there was evidence for a 
relationship between attentional focus and comprehension, this was more likely in the 
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early grades in the present data and so may be more closely associated with basic 
word processing skills that lead to good comprehension. For example, \\'ilson & 
Rupley (1997) argue that reading comprehension skills develop in stages. with the 
initial stage involving the reader comprehending written material via phonemic 
knowledge and word-level understanding; later stages involve the reader increasing 
understanding skills through the use of background knowledge and different 
strategies. Basically, as the reader matures, comprehension skills move to levels of 
processing where the reader is better able to use inference and prediction to support 
the comprehension of text (see also Cain, Oakhill & Bryant 2004). For the younger 
cohort, therefore, attentional processes may playa part in differentiating individual 
words; hence, the findings of the present work were consistent with the view that 
word disambiguation relates to comprehension levels (e.g., Gemsbacher et al 1990). 
In contrast, executive processes related to the listening span task may playa role in 
higher-level passage comprehension processes developing in older children. 
Therefore, the use of inference and prediction to support comprehension may better 
be explained through executive processes related to the listening span task than 
selection processes. The reader processes information that must be remembered while 
further information is processed for deriving meaning via inference or similar 
multiple word-level processes. Information also may have to be combined \\ith 
knowledge from long-term memory for full understanding to be achieved, again 
requiring retention and processing to be combined within the hypothesized working 
memory system. 
This may be best seen from the perspective of models of reading comprehension. such 
as those of Kintsch (1998) or Perfetti (1985); both of which can be considered as 
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forms of schema theories. In Kintsch' s model, reading comprehension is a problem-
solving exercise in which information that is understood is accepted. The reader 
interacts with the text based on past knowledge and experience in order to form a 
series of propositions or ideas gained from the text that are stored in working 
memory. The key point here is that information is hypothesized to be stored in 
working memory while further information is gained from the text and background 
knowledge, obtained from long-term memory, is added. This view is similar to that 
proposed by Perfetti (1985), though in Kintsch' s model, the propositions held in 
working memory are at the sentence level, whereas in Perfetti's model, they are at the 
clause level. In both cases, the task that predicts reading comprehension in the data 
reported in this thesis (i.e., the listening span task) is consistent with this holding and 
processing (or retention during processing) account. Propositions are constructed 
from the text and produce a network, with varying links between propositions based 
on the strength of associations. The propositions are integrated into preconceived 
ideas drawn from long-term memory to form a network of ideas. These networks 
then can alter and influence pre-existing schemas and are integrated into a global 
network of understanding the meaning of the text. Information from one sentence is 
obtained and stored in working memory in order to digest the next sentence or 
proposition. Working memory is usually at full capacity at the end of each sentence 
and has to be cleared to process the next one. Usefully constructed knowledge is 
transferred to long-term memory, whilst key propositions are held in working memory 
to aid processing of the next sentence. The most important proposition (the one \\ith 
the largest weight in a connexionist framework) from one cycle of processing is 
transferred to the next processing cycle producing an episodic text memory. This 
episodic memory is influenced by the text itself and the interpretation of the t('\.t b) 
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the reader, which is influenced by their prior knowledge. belief system and personal 
experience. In this way, working memory plays a m~or role in the development of 
this understanding network. 
Therefore, working memory executive processes related to reading comprehension 
may be better seen as associated with the retention and concurrent processing aspects 
of the listening span task rather than focusing on specific conceptual information 
features of the interference tasks. This does not mean that focusing on specific 
conceptual information does not playa part in reading comprehension, but that it may 
explain more variability in comprehension levels in younger Arabic readers than those 
who are more experienced Arabic readers. Such a proposal may go against the initial 
assumption of this work that disambiguating information may be a vital process for 
older children who are required to process non-vowelized text. Either these processes 
are not as important in explaining Arabic reading comprehension levels as expected or 
they are better seen as part of the processes of the listening span task, at least in 
contrast to the interference measures used in the current work (see further discussion 
of attention measures below). Overall, these findings argue for the role of working 
memory in Arabic reading comprehension to be very similar to that identified in 
English language data. The assumption of a greater role in Arabic is not supported b) 
the data reported in this thesis. 
Clearly, processing individual words is an important factor in successful reading 
comprehension. For example, Nagy & Scott (2000) argue that it is necessary to 
determine the meaning of about 90% of the individual words in a text for the reader to 
understand a passage, and it is reasonable to assume that this applies to Arabic text. 
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However, the current results illustrate that processes involved in combining \\ords 
may be important for explaining variability amongst Arabic readers, particularl\' 
among the older cohorts tested. This conclusion is consistent with the views of Catts. 
Hogan & Adolf (2005) who suggest that phonological skills used in decoding 
processes are more important in the initial stages of reading, whereas for advanced 
comprehension to develop, higher-level skills need to be involved. Indeed, a similar 
pattern of change in major influence from word recognition/decoding to higher-Ie\'el 
processing has been argued as characteristic of English-speaking cohorts about the 
same age-range as targeted in the present research (cf. Wilson & Rupley 1997). 
These data, therefore, argue for the same process of development to occur within this 
Arabic cohort as that found in English-speaking children, despite differences in 
transparency of the two orthographies. It might be expected that because Arabic. as 
presented to beginning readers, has a much more regular orthography than English, 
word decoding skills will remain the primary predictor of literacy acquisition for 
longer than found in English (see similar arguments by Abu-Rabia & Taha 2006). 
Although the current data cannot totally refute this possibility, the data were not 
consistent with this perspective. Overall. the findings argue for higher-level 
processes, such as those of the executive system of working memory. to become more 
influential of reading comprehension with age/experience. 
Additionally, the potential age/experience effects identified in this thesis need to be 
included in models that argue for an influence of working memory in reading 
comprehension. The present Arabic data, therefore, may provide a basis on which to 
understand these effects and inform theory. Arabic is a useful orthography to study 
because of its change in processing needs over grades. \\'hen there is a simple 
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relationship between letters and sounds, there may be less need to invoh e complex 
processes (or their involvement may be delayed) for successful reading achievement. 
When a more complex orthography is experienced, then these more complex 
processes become important to support text understanding. Similarly. as the 
requirements of reading change from primarily recognition of individual words to 
being able to understand passages of text, the more complex working memory 
systems may again become important. Differentiating the interaction between these 
factors would be a useful focus for future research. The current interpretation is that 
most orthographies will show the developmental influence, such that the use of 
higher-level processing (in this case, the retention during processing function of 
working memory) will become more important with age/experience. However, there 
will be an orthographic influence, which means that orthographies such as English 
and non-vowelized Arabic will require these higher-level working memory skills 
earlier than orthographies with simpler letter-sound correspondences. One way of 
assessing the development/orthography effects might be to contrast the effects of 
devowelization at different ages (see the further research section of this discussion). 
Working Memory Theories 
The data collected as part of this research on the role of working memory in Arabic 
reading comprehension also can be used to consider theories of working memory. 
Indeed, the data argue that variations in working memory can be informative of skills 
in other areas such as reading comprehension (see also discussions in Conway. 
Jarrold, Miyake & Towse 2007). For example. the findings in this thesis suggest that 
different aspects of working memory may be dissociable. Reading comprehension 
was found to be related to certain types of working memory tasks but not others. even 
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though those tasks were considered to tap the same system; e.g., both listening span 
and reverse digit span have been referred to as involving central executive processes. 
Similarly, simple recall of verbal material, neither contextual (sentences). non-
meaningful (non-words), nor non-verbal information (e.g., spatial memory) explained 
the relationship between the listening span task and the reading comprehension 
measures. arguing for the dissociation of these functions in the model, perhaps via 
different processing systems or differentiation of the processes themselves. Working 
memory models need to explain these sorts of dissociations and why only some play 
roles in certain skills (contrast Baddeley 2001 with Cowan 2005). It may be that 
Baddeley's system of the central executive, together with slave processors, can 
explain this dissociation as due to the roles of the different systems, though there may 
be the need to consider splitting the central executive system or adding further slave 
systems; for example, retention while processing versus selective attentional 
procedures may need to be considered distinct within the model to explain their 
dissociation in work such as that reported in this thesis. 
For example, the addition of the episodic buffer to the tripartite working memory 
model has been proposed in order to include storage of past experience and long-term 
memory knowledge within the working memory system (Baddeley, 2000). Further 
examination of this system in working memory may provide further explanations of 
the level of performance of Arabic readers, given the specific nature of the 
orthography. For example, the need to use working memory processes to support 
reading in non-vowelized text may use resources in the episodic buffer more (or 
earlier) than that found for readers of other orthographies or for Arabic readers 
processing vowelized text. Similarly, comparing performance of :\rabic-speaking 
1.+5 
individuals with typical versus atypical development, such as central executi\ e 
dysfunction or children with specific comprehension impairments, may provide 
further insights into the roles of these systems. The findings with the sentence 
repetition task in the present work indicated that this task was related to reading 
comprehension, particularly in the middle grades (4/5 to 617) tested in Study 2. 
Although this relationship did not explain the level of prediction provided by the 
listening span task, it is interesting that it seemed to develop around or just prior to the 
relationship between reading comprehension and the working memory listening span 
task. Therefore, this may be a process that plays a role in the development of 
comprehension ability, at least in this Arabic cohort. Given that the short-term 
storage of connected text (i.e., that which provides meaning) may be a process 
supported by the episodic buffer, the data argue for further work to be undertaken to 
assess the role of this proposed working memory system in the development of both 
reading comprehension and language processing in Arabic. 
Working Memory and Learning Disabilities 
The features presented by the children with LD in this work were consistent with 
findings with English-speaking dyslexic children: i.e., the Arabic children with LD 
showed word-level literacy problems. Therefore, the most likely group with which to 
compare the performance of these Arabic children with LD would be with data on 
dyslexic children (see Frederickson & Cline, 2009: Snowling 2000; Stanovich 1988). 
In the English language research, the generally accepted theory is that this word-level 
deficit is caused by a phonological decoding deficit and, consistent with this, the 
present Arabic children with LD showed poorer non-word reading scores than their 
mainstream peers. Despite the relative regularity of Arabic orthography, at least in 
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initial learning texts, the same processing deficits may explain Arabic literac;. 
learning difficulties as those that have been hypothesized as the cause of dyslexia 
amongst English-speaking children (see also Abu-Rabia et al 2003; AI-Mannai & 
Everatt 2005; Elbeheri & Everatt 2007). However, in the English language data, these 
poor decoding skills have been found to correspond to poor phonological awareness 
skills. In the current Arabic LD data, this corresponding weakness was not e\'ident. 
This may be due to the sensitivity of the phonological awareness measure used, which 
has been argued as the reason why phonological awareness deficits are not clearly 
identified amongst children learning a more transparent orthography (see Sm;.1he, 
Everatt, AI-Menaye, Ho, Capellini, Gyarmathy & Siegel 2008). However, further 
research is necessary to confirm this possibility. An alternative explanation is that 
processes related to reading develop at different rates due to the regularity of the 
relationship between orthographic units and language sounds (see Goswami 2000). 
This may mean that processes measured by the phonological awareness measures 
used in the current work will not identify weaknesses because phonological skills 
have developed beyond those basic skills assessed by the measures. Hence, more 
complex skills will have to be assessed in order to identify LD weaknesses when a 
more regular orthography has been experienced in early development. No matter 
whether more complex phonological skills will have to be assessed or more complex 
phonological tasks will be needed to overcome sensitivity problems of the measures 
used, there is the need to develop tasks requiring more complex phonological 
processmg. 
The verbal memory measures used in the current work provide the basis on which to 
develop further Arabic language assessments and include measures that require the 
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processing of phonological forms and their retention in memory for additional 
processing or manipulation and production. This, therefore. may explain the 
differential effects of the reverse span task in the LD and mainstream data reported in 
this thesis. For the child with LD, the reverse digit span task is a complex 
phonological task and so poorer scores were demonstrated in comparison to their non-
LO peers. Null or small relationships between the reverse digit span task and reading 
comprehension levels in the mainstream cohorts can be explained by the same 
interpretation. We would not expect central executive functioning to lead to a strong 
correlation between reading comprehension and reverse digit span if the main 
influence on the reverse digit span task were phonological processing. For the 
mainstream cohort, deficits in phonological skills may be minor leading to little 
influence on reading comprehension, or if they do influence reading comprehension in 
this cohort, the common variability might have been explained by the phonological 
awareness measure rather than the reverse span task. For the LO group, more 
complex phonological tasks impact on their phonological weaknesses, arguing for 
digit span tasks to be included in LD assessments as a way of determining underlying 
phonological processing weaknesses, rather than as a measure of central executive 
processing. The listening span task, on the other hand, may be influenced primaril) 
by central executive functions. Hence, this task \\ill show relationships with reading 
comprehension levels due to shared central executive functioning. If this 
interpretation is correct, central executive functioning is related to comprehension 
levels and so relationships between listening span and reading comprehension 
measures should be identified. Phonological processing is still a problem for children 
with LD, so LD groups would be expected to perform less well on digit span tasks 
compared to their non-LD peers. Clearly, this is another area worthy of further 
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research. For example, it does not explain why the LD group performed poorly on the 
listening span task. Either we have to assume central executive problems with the LD 
population or the listening span task also impacts on the phonological processing 
deficits. Research is needed that contrasts different central executive tasks (verbal 
versus non-verbal, for example) or that compares different LD groups (see further 
discussions below). 
Although the phonological measures did not differentiate the LD from non-LD groups 
tested, they did predict reading levels in the mainstream groups. Again. a predictor of 
reading does not identify LD, which suggests a further possibility that may explain the 
LD cohorts' good performance on the phonological awareness measures. This is that 
the special school in which these children with LD were being taught has focused on 
phonological skills much more than the mainstream schools of the non-LD cohorts. 
In other words, the phonological levels are equivalent because of a specific teaching 
effect. Further research will need to consider additional LD groups to determine the 
level of influence of such specific teaching effects and why, if they exist, they are not 
leading to equivalent levels of improvements in word decoding skills amongst 
children with learning difficulties. This may be a specific feature of the Arabic 
orthography (i.e., word decoding levels are not simply due to phonological awareness 
skills) or due the way the teaching of phonological awareness is linked to literacy in 
Arabic LD schools. A focus on such teaching effects would be an important area of 
further research. Clearly, this argues for a complex interaction between factors that 
the current research was not designed to disentangle. However, it does point the way 
to further research (see discussions below). 
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There now appears to be a consensus among researchers that dyslexia is primarily 
characterized by deficits in phonological awareness and phonological processing in 
general (see general introduction of this thesis). However, many researchers in the 
field consider dyslexia to be a syndrome that can manifest with a number of different 
symptoms (e.g., Miles 1993). Clearly, the main symptoms would be problems in 
word recognition and spelling, as well as phonological decoding; although additional 
features that have been proposed focus on poor short-term phonological memory, as 
well as speeded verbal processing and verbal working memory processes (see 
discussions in Mahfoudhi & Haynes 2009). For example. Siegel (1993) has proposed 
that phonological processing and working memory. in addition to syntactic awareness, 
are the main focus of deficits for children with reading disability. The influences of 
these processes have been considered important as many educational assessments 
designed to identify children at-risk for learning disabilities typically include 
measures of some or all of theses processes (e.g .. Frederickson, Frith & Reason 1997; 
Miles 1993; Nicolson & Fawcett 1996; Singleton 1995: Wagner, Torgesen & 
Rashotte 1999). The data presented in this thesis were consistent with previous 
research indicating that measures involving working memory processes show deficits 
among children with learning difficulties compared to able peers (see Gathercole & 
Pickering 2000; Jeffries & Everatt 2004; Roodenrys, Koloski & Granger 2001: Smith-
Sparke, Fisk, Fawcett & Nicolson 2003; St.Clair-Thompson & Gathercole 2006; 
Swanson 1999; Swanson & Sachse-Lee 2001; Swanson & Jerman 2007). The present 
data, therefore, argue for the development of measures in Arabic that can be included 
in assessment procedures designed to identify learning problems amongst Arabic-
speaking children. 
150 
This may be particularly important for differentiating different types of LD. Pre\ious 
research has associated deficits in hypothesized components of working memory with 
~ . 
patterns of cognitive functioning characteristic of atypical learners or those with LO. 
Studies of adults with LD have found that the visuo-spatial and phonological 
components of working memory can be linked to persistent weaknesses in those \\ith 
dyspraxia (a motor coordination LD) in addition to those with dyslexia, although the 
deficits can show a dissociation such that dyspraxia is associated with visuo-spatial 
weaknesses and dyslexia is associated with phonological problems (see Jeffries & 
Everatt 2003). Howard, Howard, Japikse & Eden (2006) also found dyslexics to be 
impaired on sequence learning but possessing normal, intact spatial learning. Overall, 
the data argue for children with language-related impairments to show poor scores on 
phonological-based memory tasks (Gathercole & Baddeley 1990; Jarrold & Baddeley 
1997). 
However, reading disabilities have also been associated with central executive 
problems (Smith-Spark et al 2003) and the question remains whether this is a general 
deficit or focused on those central executive tasks that require verbal processing; as in 
the data reported in this thesis. For example. Berninger, Abbott, Thomson, Wagner, 
Swanson, Wijsman & Raskind (2006) studied storage and processing memory 
abilities in children with dyslexia and found that both they and their affected 
biological parents were impaired on executive functions involving phonology. 
Similarly, Nation, Adams, Bowyer-Crane & Snowling (1999) found that working 
memory recall of verbal material in contrast to spatial span was impaired in poor 
reading comprehenders compared to controls. 
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The opposite profile may be found in those with dyspraxia or developmental 
coordination disorder. These individuals have been found to have impaired visuo-
spatial working memory in contrast to non-impaired controls (e.g. Jeffries & E\ eratt 
2003; Portwood 1999). Alloway & Temple (2007) compared children with 
developmental coordination disorder and those with moderate learning difficulties 
(i.e., more general learning disabilities) and found that the former group was 
significantly impaired in spatial working memory tasks compared to the general LD 
group. Mammarella & Cornoldi (2005) compared the spatial span of children with 
and without visuo-spatiallearning difficulties and found that the groups did not differ 
on a forward spatial span task but did in reverse spatial span, consistent with 
manipulation problems rather than general spatial memory problems. Again, though, 
there is a distinction between the verbal/phonological-related deficits of those \\ith 
reading problems and the spatial-related deficits of those with non-verbal LD. 
Children and adults with Attention Deficit Hyperactivity Disorder (ADHD) may show 
evidence of more general central executive impairments, although Barkley (2006) 
documents difficulties in verbal working memory associated with ADHD but not all 
areas of memory. Generally, however, deficits in central executive tasks have been 
linked to ADHD. Roodenrys et al (2001) found that central executive tasks were able 
to differentiate individuals with ADHD from those with reading impairments. The 
interesting finding here is that a comorbid ADHD-reading disability group showed 
similar central executive deficits. Similar conclusions were derived from data 
obtained from a comorbid ADHD and developmental coordination disorder group b) 
Norrelgen, Lacerda & Forssberg (1999). Therefore, it may be that more general 
central executive deficits are associated \\ith comorbid attention deficits. Non-
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comorbid reading disabilities or non-comorbid non-verbal LD deficits in central 
executive functioning may be more specific: i.e .. specific to verbal/phonological or 
visuo-spatial areas respectively. This requires an assumption that the problems are in 
the way the central executive can use verbal and spatial slave svstems or that the 
functioning of the central executive needs to be divided into verbal and spatial 
components. A division of children with LD into different subgroups could not be 
performed in the current work, but would be useful for further research, including that 
on the Arabic orthography (see further discussions below). 
Clearly, further research is necessary to identify these different potential areas of 
difficulty or relative strength, and assessments across various working memory areas 
may be useful to identify the problems associated with LD. Indeed, a range of 
measures may be valuable in identifying skilled performance as well as deficits. 
Gilger & Kaplan (2002) have proposed that strengths as well as weaknesses should 
playa part in assessment and remediation. Highlighting areas of ability as well as 
weakness can be vital for the implementation of support procedures (see Brooks & 
Everatt in press), but could also provide an opportunity to test theoretical positions 
and inform their development. 
Recommendations for LD Assessment Practice in Kuwait 
The assessment of LD in Kuwait (where the research reported in this thesis was 
undertaken) primarily involves measuring the IQ of children referred for assessment 
by teachers or parents who have recognised that the child has a problem with literacy 
or mathematics learning. If during assessment procedures the child is found to have 
an average range or above IQ (i.e., an IQ=85 or better on a standardized test such as 
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the WISC - Wechsler 1992) and is found to be struggling in curriculum-based 
measures of literacy and/or mathematics, then they are diagnosed as having an LD. 
The practice is consistent with mainly historical assessment practices in l\orth 
America, from where theoretical views and practices related to LD have been 
imported into Kuwait. If the child has an IQ less than 85 or does not show poor 
scores on the curriculum measures given by the assessors, then they do not ha\e an 
LD. Although this practice is common in many countries around the world, it does 
not take into account more current positions about the need to assess specific areas of 
weakness associated with different types of LD (such as that reported in the previous 
sub-section of this chapter) nor the problems of measuring globallQ amongst children 
with LD (see discussions in Frederickson & Cline, 2009). 
One reason is the lack of standardized and/or trusted assessment measures other than 
those used to assess IQ and literacy/mathematics curriculum levels. The present work 
was undertaken with the aim to identify areas that might enable the development of 
these alternative assessment tools. The focus of the work was on literacy, and the 
data argue that deficits in areas consistent with those identified in English-language 
literacy assessment practices may be useful to support LD assessments in the Arabic 
language. In particular, the current data argue that assessments of phonological skills 
and working memory functioning can inform assessment procedures and are worthy 
of further development. In order for this to be consistent \\'ith current views about the 
role of working memory in literacy learning difficulties, measures of central e\.ecutive 
functioning as well as phonological and visuo-spatial memory should be considered. 
Although IQ measures, such as the WISC (Wechsler 1992). include a forward digit 
span measure that can be seen to load on phonological loop procedures. and a reverse 
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digit span measure requiring more use of central executive processes, the fOf\\ard 
version involves repeating familiar digit names. which means that long-term memory 
can support retention: the reverse version does not predict reading comprehension 
levels as well as other central executive measures. Therefore, it is recommended that 
these digit span measures, which are available in IQ assessments. are supplemented 
by additional measures, such as those used in the current thesis. Taking the working 
memory model of Baddeley as a basis from which to develop measures, this would 
argue for the following: 
(i) A non-word repetition task (such as that included in the studies reported in this 
thesis - see Taibah, Everatt & Elbeheri, 2009. who report developing such a 
measure as part of an Arabic phonological assessment battery), which can be 
considered as a relatively pure measure of phonological loop processes and 
therefore can supplement findings of the forward digit span task in the IQ test 
used in Kuwait; 
(ii) A measure of spatial working memory task, which could be based on the 
measure included in Study 2 of this thesis, or similar to the Rabbits sub-test of 
the CoPS programme (Singleton 1995). This should include forward and 
backward versions in order to assess increasing involvement of the central 
executive: i.e .. a visual adjunct to the digit span tasks: the forward version 
would be expected to load on the visual-spatial sketch-pad, with a reverse task 
requiring more use of central executive resources; 
(iii) A sentence repetition task that should load onto processes that can support 
recall via semantics. This task would be similar to that used in the current 
work, but closely based on the views of Baddeley (2000), given the specific 
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features of the Arabic culture and orthography (as discussed above). The 
requirement of short-term retention of meaningful material that incorporates 
past experience and long-term memory information should use the resources 
of the hypothesized episodic buffer system; and 
(iv) A listening span task, which is the most likely measure to load heavily on 
central executive processes involved in reading comprehension processes. 
This measure either could be that used in the studies reported in this thesis or 
it could be an equivalent to that used in the Working Memory Test Battery for 
Children (Pickering & Gathercole 2001), and can be supplemented by 
counting span tasks derived from this latter battery. 
This combination of measures, therefore, would comprise a relatively comprehensive 
assessment of working memory in Arabic and would supplement current IQ-derived 
assessment sub-test scores, as well as measures of phonological processing (such as 
Taibah et aI, 2009). Clearly, further work in this area is recommended as a way 
forward to improve the identification ofLD and form the groundwork to inform more 
appropriate educational support. 
Further Research 
Clearly, the duration and resources available for the work reported in this thesis could 
not hope to answer all the questions that this field of research could pose; however, it 
can form a platform for future research. One issue perplexing the area of working 
memory is the problem of determining its role in skills when the working memory 
tasks also may involve that skill. For example, in the present work, the listening span 
task used to assess the role of working memory in reading comprehension itself 
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required the comprehension of connected text. So, the relationship between reading 
comprehension and the listening span task may simply be due to the common need in 
the tasks to comprehend linguistic information. Further research needs to show that 
this is not the case, e.g., by including a measure of listening comprehension and 
showing that listening span explains variability in reading comprehension over-and-
above that explained by the listening comprehension task. Alternatively. working 
memory tasks that do involve retention while processing, but do not require language 
comprehension, could be included in such work. For example, a mathematics-based 
task in which the child has to retain answers to calculations while performing further 
calculations may load working memory in the same way as the listening span task, but 
should not involve language comprehension to the same extent as the current listening 
span task (see Pickering & Gathercole 2001). Again, further work in this area would 
be welcome. 
The attention measures used in the Studies reported in this thesis could have been 
supplemented with measures of other types of attentional processing. Further 
research should consider including tasks such as those which require the inhibition of 
alternative interpretations of discourse (as in Gernsbacher et al 1990), or which 
require more sustained attention. Attention-based measures that focus on language, or 
that sustain attentive processing over a passage or text, may show stronger 
relationships with reading comprehension than the attention measures used in the 
present work (see also Conway. Tuholski, Shisler & Engle 1999: Kane, Bleckley, 
Conway & Engle 2001). Similarly, different types of comprehension tasks could have 
been used (see Simmonds & Singleton 2000), such as the need to recall specific 
information in texts to answer comprehension questions or to make different types of 
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inferences to answer comprehension questions (e.g., those which require combining 
general knowledge with text information or which can be inferred only by information 
in the text). Further research of these types of tasks in the Arabic orthography would 
be useful to determine the specific role of executive processes on reading 
comprehension. 
The current sample of children with LD was by necessity heterogeneous. Although 
most children showed evidence of literacy problems, their assessment ofLD could 
have been prompted by problems with mathematics learning as much as literacy 
weaknesses. Similarly, although there was good evidence that these children with LD 
had problems at the word-level, rather than comprehension deficits, there was still the 
potential for variability in the focus of disability. Further research would benefit from 
a larger sample of children with LD, which would allow separation by type. For 
example, Cromer (1970) differentiated two types of poor reading comprehenders: 
those with word-level difficulties and those with difficulty understanding text at a 
sentence/passage level, sub-types that have been found to be consistent with evidence 
for reading deficits (e.g., Nation & Snowling 1998b). Comparisons of groups such as 
these on the type of measures used in the current thesis would be informative about 
the role of working memory at these two levels of text processing. Similarly, 
comparisons ofthose with literacy deficits and mathematics learning disabilities 
would further inform theories about the specific role of working memory in 
differentiating LD types; for example, literacy deficits might be expected to focus 
more on phonological working memory whereas mathematics learning difficulties 
may also relate to poor visuo-spatial working memory. Finally, some of the Arabic 
children with LD in the current work had an assessment of ADHD and, again, a 
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separation of those with and without comorbid ADHD (based on the research 
discussed above) would be advantageous, given a large sample of children with which 
to work. Comparisons of these different sub-groups ofLD would provide further 
evidence for or against the ability of different working memory measures to 
differentiate LD types: i.e., it could be that only those with comorbid ADHD show 
central executive deficits such as those in the listening span task used in the current 
work or on a counting span equivalent. 
The inclusion of studies ofthe effects of teaching method is a further area where the 
work can inform dyslexia and LD work. This has been discussed briefly above, when 
considering whether a teaching effect was responsible for the good levels of 
performance by the LD cohort on the phonological awareness measures and whether 
teaching phonological awareness needs to make the link to literacy more explicit for 
improvements in phonological skills to lead to increased word decoding levels. 
Added to this should be work investigating improvements in working memory. 
Studies investigating the consequences of improvement in short-term memory or 
working memory span have been relatively rare in the literature (see general 
introduction to this thesis), yet such improvements may support reading 
comprehension levels in these Arabic children. For example, Mastropieri, Sweda & 
Scruggs (2000) have described a large body of work investigating the effectiveness of 
mnemonic strategies in reducing difficulties in students with learning disabilities that 
has revealed a high level of effectiveness of these strategies in a variety of settings. 
including typical classrooms. However, these memory-based strategies will probably 
show best results if taught in conjunction with meta-cognitive strategies that can 
implement these skills during reading. Cornoldi, DeBeni & pazzaglia (1996) 
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highlight three factors warranting further scrutiny when understanding reading failure: 
working memory, meta-cognition and listening comprehension. They analysed a 
number of individual children's reading skills and found meta-cognition to be highly 
related to reading comprehension and working memory weaknesses to be evident 
amongst poor comprehenders, especially in relation to the storing of a sequence of 
events (see also Stothard & Hulme, 1996). Their research also argues for reading 
difficulties across cases to vary consistent with the above discussion suggesting poor 
decoders and poor comprehenders be assessed differently. Interventions targeting 
poor decoding skills may have to vary from those targeting poor comprehension (see 
Bowyer-Crane, Snowling, Duff, Fieldsend, Carroll, Miles, Gotz & Hulme, 2008). 
The effects of, and interactions between, phonological decoding, working memory. 
linguistic processing and meta-cognition are areas for further investigation, 
particularly the influence of teaching to these skills at various stages of Arabic 
literacy acquisition. 
Finally, the specific feature of the variability in transparency of the Arabic 
orthography needs further study. The current data argue for a relationship between 
comprehension and working memory that is influenced by this variability; though, as 
discussed above, age/experience effects need to be controlled so as more fully to 
understand this potential influence. Further research would be useful to identify the 
point of influence. One possibility is to contrast different groups who experience the 
change from vowelized to non-vowelized forms at different times. For example, the 
Arabic orthography is used to represent Farsi/Persian, and Iranian children experience 
non-vowelized text towards the end of grade 1, in contrast with the children tested in 
this thesis, who experienced formalleaming texts that were non-vowelized from 
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grade 3 or 4. Work contrasting these groups may help differentiate the influence of 
literacy experience versus devowelization in the Arabic orthography. Such research 
also should inform cross-linguistic theories of reading acquisition. 
Arabic orthography, therefore, is interesting to study given its semi-transparent or 
variability in transparency. However, there are other features of the orthography that 
would be useful to consider (for further discussion, see Elbeheri & Everatt 2007 and 
Mahfoudhi et al 2009). Firstly, the written forms of short vowels in Arabic are not 
individual isolated letters, but are diacritical markings above or below letters that 
represent consonants connected to the short vowel. Whether these should be 
considered and taught as separate letters (as a true alphabet) or combined with 
consonants (as with a syllabary) is a question worth considering in teaching studies. 
Secondly, there is an overriding tendency of Arabic orthography to give precedence to 
morphological and syntactic clues over phonological transparency: therefore, work 
contrasting the influence of all three of these factors would seem useful. Third, 
although the Arabic script is cursive, only 22 out of the 28 letters in the alphabet 
connect from both sides while the remaining six connect only from one side. This 
orthographic feature results in two types of spaces within a text: those that occur 
within a word with one-way connecting letters, and those that represent boundaries 
between words - again the influence of this orthographic feature has been rarely 
considered. Fourthly, the graphical shape of each Arabic letter depends on its 
position in the word (initial, medial, final or isolated), with some letters having more 
than one standard shape of writing, which may add to the complexity of learning letter 
shapes. There is I ittle research investigating the effect of varying shapes with in words 
to see if the different letter forms are recognized as a single unit or if words are 
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recognised as whole shapes (akin to studies of English that vary CaSe). Fifth, the 
influence of the addition marks to distinguish letters (dots placed above, below or 
within various character forms to make up the 28 letters of the Arabic alphabet) needs 
to be assessed to determine if they provide a clear distinction between letter forms for 
the learner. These examples should indicate some of the challenges posed by specific 
features of written Arabic over-and-above phoneme-grapheme correspondences, 
which was the characteristic focused on by the current work. Further research on the 
features of the orthography, therefore, would prove useful. 
Overall conclusion 
Overall, the present work argues for the inclusion of working memory measures in the 
assessment of Arabic literacy skills, particularly assessments designed to determine 
literacy-based learning disabi lities and predictions of reading comprehension levels. 
The data were consistent with English-language models of the role of working 
memory in reading comprehension, suggesting that English-language tests can be 
used as a basis from which to develop Arabic assessment tools. However, features of 
the Arabic language and its orthography mean that these measures need to be 
developed carefully in order to be effective. These specific orthographic effects may 
interact with age/experience and therefore be influenced by teaching. Further work 
on the role of working memory in Arabic literacy is needed, as well as such 
assessment development, though the current data argue that this work/development 
will be worthwhile both to inform practice and in increasing our understanding of 
literacy acquisition across different languages. 
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o~\..) ~ ~~;;\ ~..",~\ ~ ~ .'e .... ~ .... ' c\ ~.J wl.JS..i\ o~ ;~\.J JcA ~} ~JJh.J1 
J.j1j.J 4 ~ )~'1\ ~U.H ~~.J ,J.jIj.J Cj) uy.ac. ~ wLJSJI ~ :.;~ .:~ ~\ 
ip ~\ ~ 4.).J ~i ~ '1.J ,4 .... ~ .... ,,., o~\.J i.fo ~ JS.l o~l.J 4.).,; ~ . L: :..i\~ 
- .~ 
~ .)"w\ w~ ~.J .:l~\ t~)..:i ~ ~\.:!1\ ~ ~ ua ~I WW~ ~WI U.J~ 
..J~'1\ wL.;...).:l ~W\ ~ .~~ ~i ~ ~~..J (.)-Q~\ ~\ Ud.J.ii ~\.J:! .~~\ 
.4=-~=-,,.,l\ o~ljill (1).J J..b,:J\ o~l.Jll (0) :JW11.S ..J~'1I.J~ l,}A ~ JS c~=-'-, ~ OW.:li 
4 ..",cA.J o~ljill ~ (~\ d)1 ~ ~lll\ (Stop Watch) w~il\ ~~ ~W\ r~ 
4.J~\ 
.uaJ~ J5J ~ ~1j.J 
................................................................................... : ~~.J (..,\.oQ-,~\ f"""1 
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...................................................................................... 
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4 
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:. . UI"'" \ o.a 7 
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~ 9 
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LYS~ 13 
~\ 14 
&\.l.a 15 
~~ 16 . .. 
(Iftl 17 
t~\ 18 
~~ 19 
~-.fo\ 20 
.. :. ;....... \ U':ll\'t\l 21 
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wI.) 0.1"\ j'"l _..J 
wL..aLi!S\ 2-+ 
u\~~ j--) 
Syllable/Phoneme Deletion Test 
(~I ~ o.JlclJ wl~';\ wh )~I) 
II •••••••• 1 ....... ~ ................................. 1 •• 1 •••••••••••••••••• " •••••••• II ............. I.: ~ 'JIll 
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............................................................................................... :~)..u\ 
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~ ............... (\) 0 )J~ c;,;>-i 0/ d...J.S:j\ Jk-il .................... ~L>. .3 
.l.::.>-~ \ 
..) 0 , 
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. 
( ~) 0 J.., 0 i 0 ~\ -L~\ . if J 0 0";:- / ~ ............................... o ••••• '--',1........:;. ) 
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(cJ) 0J~ 0,.?-i 0/ ~\ ~I .................................. dl~\ .29 
(r) 0J~ l$,.?-i 0/ ~\ J.bl ..................................... i-,~ ,30 
Arabic Rapid Naming Task Used 
In Studies 1 & 3 
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Pseudoword Repetition Test ~ Lf.l ~ ~I ~L.Js.lI ;j~l ~ ~.J.wl 
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Listening Span Test Used 
In Studies 1, 2, 3, & 4 
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Arabic Reading Comprehension Fluency Test 
Used In Study 1 
Arabic Readin2 Comprehension Test! 
l • 
,,1r,J ~ ~ ~J y~1 laW ~ L)..::I~I ui u-a ,i;tJl ~WI ~ 
r,hl.J J...JS ~ JS ~ ~ ~ ~lai ui ~ L)..::I~I (J lJ.4 .lStJlj .)~\i\ 
d..JSJ1 .J~I .JA ~J y..,lb.J1 ui.J '(.)IlI~~1 0.H oj.?..,.J1 ~.J~I wlJS..lI 0:H ~\A ~ 
~~ill l.JA ~'+W;l1 ~~I ~ ~ .4J..P- oylj ~j.J ~I ~ ~I 4=:,;:> 01\ 
3 ~ ~;l1 WI ~ , ~<\jj ~. .' . j ~I' ',( .. ..J~ ·~,(i t .. 
. .J. ~ ~.J (..}l u~ '-:? . (".)A ~ ~ ~
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'~"'Y'>' 0\\ ~ (1).J ,l.b:J1 ~ (0) :c)tJ1.S )~'11 jF. u-a ~ JS c;=-' 0" ~ o\.jJ 
3 .J~.J r,~l.J.D ~ C>~I ~)I u-a .lSl:JJ (Stop Watch) w~ill d..::.L ,-,~WI r~ 
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I This test is suitable for monolingual Arabic speaking children from grade 3 till grade 10 (8 till 16 years old). 
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Arabic Readin2: Accuracv & Readin2 Speed Test! 
Text 1 Vowelized: "Who's telling the truth?" 
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Text 1 Non-Vowelized: "Who's telling the truth?" 
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